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PREFACE 
The International Institute for Applied Systems Analysis has examined a series of 
large-scale development programs from an international and interdisciplinary point of 
view. This work began in 1975 and encompassed four such programs: The Tennessee 
Valley Authority in the Un~ted States (Knop 1976 and 19791, the Bratsk-llimsk Territo- 
rial Production Complex in the Soviet Union (Knop 1977 and Knop and Straszak 1978). 
The Shinkansen Program in Japan (Straszak and Tuch 1980 and Straszak 1981), and the 
Kinki Integrated Regional Development Program in Japan. This volume deals wlth the last 
of these studies. 
The work on the Kinki IRDP began in 1973 with a scientificgroup from the regional 
universities led by Professor Y. Sawaragi of Kyoto University; this group cooperated with 
the Tokyo Scientific Center of 1BM Japan. Then in 1976 the Japanese analysis team joined 
the IlASA group worklng on large-scale development programs in a cooperative effort. 
Thls book covers not only the contributions made a t  the Kinki IRDP Workshop held 
a t  IlASA In June 1978 but also the results of additional work done a t  IIASA, in Japan, 
and elsewhere. The first part of the book revlews the Kinki IRDP problematique: the 
region's sltuatlon and relations to other regions, its administratwe div~sion, its economic 
and demographic structure, its main congestions and other problems, the issues and prob- 
lems i t  faces, and so on. 
The second part presents some findings of IIASA's 1977 study of the Kinki region. 
The third pan is  devoted to some general aspects of regional planning and program- 
ming. First, i t  cons~ders the general regional planning process and its relation to the Kinki 
I RDP: next, i t  discusses some I IASA views as to the role of models in I RD programs; then, 
i t  presents the framework developed for organizing reg~onal programs and evaluating policy 
formulation. 
The fourth part deals with models for integrated regional development programs. I t  
summarizes the experiences of IBM Japan in developing and using computer systems for 
regional planning, presents a method for recognizing basic regional issues and their struc- 
ture, and describes a model for ultra-long-term integrated development for the Kinki region. 
The f i f th part is devoted to models for particular problem areas: terminal site loca- 
tlon, environmental impact, impacts on the living environment (including cultural assets), 
water supply and treatment, and water resources management. 
The sixth part presents methods for solving regional problems: multi-objective math- 
ematical programming applied to soc~al planning, the nested Lagrangian multiplier method 
applied to environmental system planning, and an approach toward group decision. 
The seventh part sets forth some concluding remarks. 
The support of the Japan IlASA Committee, Kyoto and Osaka Universities. IBM 
Japan, and IlASA made the preparation of this study possible, and we tender special 
thanks to all of them. 
Y. SAWARAGI 
A. STRASZAK 
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INTRODUCTION 
Y .  Sawaragi 
3 e p a r t m e n t  o f  A p p l i e d  & Y a t h e m a t i c s  and P h y s i c s ,  
Kyoto  u n i v e r s i t y ,  Kyo to ,  J a p a n  
Y .  Suzuki 
g e p a r t m e n t  of  E t e c t r i c a  l  S n g i n e e r 7 ~ n g ,  Osaka 
U n i v e r s i t y ,  Osaka,  Japan  
1 .  THE K I N K 1  REGION 
Since t h e r e  i s  no l o c a l  government f o r  t h e  Kinki region- 
indeed,  its t e r r i t o r y  i s  only vaguely defined-we can say only  
t h a t  i ts  a r e a  is beween about 27,000 and 37,000 square  k i l o -  
meters.  A s  shown i n  Figure  1 ,  i t  is s i t u a t e d  a t  almost t h e  mid- 
d l e  of t h e  Japanese i s l a n d  and has e i g h t  p r e f e c t u r e s :  Osaka, 
Hyogo, Kyoto, Shiga ,  Wakayama, Nara, Fukui,  and Hie. However, 
a  narrower view would exclude t h e  Fukui and Mie p r e f e c t u r e s .  
From t h e  view of economic r e l a t i o n s ,  t h e r e  is a  c l o s e  i n t e r r e -  
l a t i o n  among t h e  seven p r e f e c t u r e s  (exc lus ive  of  t h e  !lie pre- 
f e c t u r e ) ;  evidence of t h i s  is  shown i n  Figure  2 .  I n  f a c t ,  t h e  
d i v i s i o n  of  t h e  Minis t ry  of I n t e r n a t i o n a l  Trade and I n d u s t r y  
( K I T I )  i n  Osaka s e r v e s  t h e s e  seven p r e f e c t u r e s .  
1 . 1 .  Geography 
The a r e a  of t h e  e i g h t  p r e f e c t u r e s  t o g e t h e r  is 37,200 :a2 
and t h e  populat ion was 21,200 thousand i n  1975, t h e  s h a r e s  of 
t h e  Japan t o t a l  being 9 .9  and 19.0 p e r c e n t ,  r e s p e c t i v e l y .  Almost 
68.3 pe rcen t  of t h e  Kinki reg ion  is mountainous; t h e  i n h a b i t a b l e  
land a r e a  is 11,100 km2. The region c o n t a i n s  Lake Biwa, J a p a n ' s  
l a r g e s t  l a k e ,  with a  s u r f a c e  a r e a  of 680 km2 and a  c a p a c i t y  a s  a  
water r e s e r v o i r  of 275 x 109 m3. "Biwa" is t h e  name of  an o l d  
Japanese musical  ins t rument  l i k e  a  l u t e ,  and t h i s  name i s  given 
t o  t h e  l ake  because of i ts shape. The water f lowing from t h e  
l a k e  f i r s t  becomes t h e  Uni River and t h i s  becomes t h e  main Yodo 
Xiver a f t e r  jo in ing  wi th  t h e  Kizu and t h e  Katsura Rivers .  The 
main Yodo River flows through t h e  Osaka P l a i n  and f i n a l l y  i n t o  
t h e  Se to  Inland Sea. 
The Japan S e a  
The Kink1 
P a c i f i c  Ocean 
The Chubu Xegion 
K m s  
0 50 LOO 
Figure  1 .  hiap of t he  Kink1 reg ion .  
5 0 . 8  ( 4 3 . 2 )  
( 5 3 . 8 )  
/ .  
# 
2 4 . 8  / / 
( 8 .  OF 
. Hyogo I " 2 4 . 4  S h i g a  "I ( 2 6 . 7 )  3 2 . 4  -<-.. I 3 6 . 7 ( 3 2 . 4 )  
4 5 . 7  ( 2 8 . 8 )  \ *L. /  1 ".- 
( 5 0 . 6 )  - - - - -  __.._ _ _  _ _ _  _ - - ____ ,  
57.1 
( 5 7 . 9 )  ---. . - . - ._ - .  . - . _ 1-- 
upper : Purchase  r a c i o  i n  1972 (Tota1=100%) 
( l o v e r )  : Purchase  r a t i o  i n  1968 ( T o t a l - 1 0 0 % )  
\ The f i r s t  vendor 
- j The second vendor  
---  - The t h i r d  vendor 
Source :  MITI. Japanese  Commerce 
Figure  2 .  Wholesale t r a n s a c t i o n s  among seven p r e f e c t u r e s  of t h e  
Kinki reg  ion.  
The Osaka P l a i n  has an a rea  of 1 , 6 0 0  km2 and provides  t h e  
nucleus  of t h e  socioeconomic a c t i v i t i e s  i n  t h e  Kinki region.  
The n o r t h e r n ,  e a s t e r n ,  and southern  f r o n t s  of t h e  Osaka P l a i n  
a r e  surrounded by m o u n t a ~ n s  and only  t h e  western  f r o n t  is open 
t o  t h e  s e a .  The sou the rn  p a r t  of t h e  Kinki r eg ion  i s  t h e  K i l  
Peninsu la ,  which is  occupied by h igh ,  s t e e p ,  mountains; however, 
t h e  Kino and t h e  Kumano Rivers  o f f e r  p l e n t i f u l  water .  The upper 
ha l f  of t h e  Kinki r eg ion  i s  a  mix of mountains and b a s i n s .  The 
nor the rn  border  f a c e s  t h e  Japan Sea and has a  l o t  of snow i n  t h e  
win te r  season;  it i s  an underdeveloped a r e a  i n  t h e  Kinki r eg ion  
and has  a  s p a r s e  popu la t ion .  
The Kinki region developed e a r l y  i n  J a p a n ' s  h i s t o r y .  About 
1 3  hundred yea rs  ago a  c u l t u r a l  exchange was made wi th  Yainland 
China by voyages through t h e  Seto  In land Sea. A s  t h e  chronology 
of Table 1 shows, t h e  n a t i o n a l  c a p i t a l s  were i n  t h e  Kinki r eg lon  
f o r  almost  1 ,000 y e a r s ,  from t h e  Aska e r a  t o  t n e  Azuchi and 
Wonoyama e r a .  The c a p i t a l  moved t o  t h e  e a s t  a t  t h e  beginning of 
t h e  Yedo e r a .  A t  the  time of t h e  Meij i (Emperor ' s )  Revolut ion,  
t h e  name of t h e  c a p i t a l  was changed from Yedo t o  Tokyo. 
1 . 3 .  I n d u s t r i a l  A c t i v i t i e s  and Her i t age  
Table 2  shows t h e  r a t i o  of major i n d i c a t o r s  f o r  t h e  Kinki 
region t o  those  of Japan.  Roughly speaking,  t h e  Kinki r eg ion  
s h a r e s  around 20 pe rcen t  of t h e  v a r i o u s  socioeconomic a c t i v i t i e s  
i n  Japan.  A s  Table 3 shows, more than  h a l f  of t h e  important  c u l -  
t u r a l  a s s e t s  i n  Japan a r e  i n  t h e  Kinki r e g i o n ,  s i n c e  it was t h e  
a a r l i e s t  t o  be developed. An important  f e a t u r e  of t h e  Kinki r e -  
g ion  i s  t h a t  both popula t ion and i n d u s t r y  a r e  h igh ly  concen t ra ted  
i n  t h e  Osaka Bay a r e a .  The c e n t e r  is  Osaka C i t y ,  J a p a n ' s  second 
l a r g e s t ;  it i s  t h e  c a p i t a l  of Osaka p r e f e c t u r e .  The i n d u s t r i e s  
l o c a t e d  on Osaka Bay a r e  predominantly heavy ones ,  ~ n c l u d i n g  t h e  
i r o n ,  s t e e l ,  and petrochemical  i n d u s t r i e s .  A l l  of t h e s e  f e a t u r e s  
a r e  t h e  o r i g i n  of t h e  p r e s e n t  p r o b l a a t i q u e  f o r  Osaka and,  i n  a  
broad sense ,  f o r  t h e  Kinki r eg ion .  
The probl6matique 1s wel l  r ep resen ted  by t n l s  phrase :  " t h e  
s lnk lng  of Osaka i n  comparison w i t h  Tokyo." 
The changes i n  Osaka 's  economic s t a t u s  a r e  shown i n  Table 
1. One s e e s  t h a t  t h e  wholesale amounts of  e x p o r t s ,  impor t s ,  
5111 exchanges,  and s e c u r i t y  exchanges,  have decreased markedly 
l n  t h e  20 y e a r s  from 1955 t o  1975. A l l  of t h e s e  have c l o s e  re- 
l a t i o n s  t o  t h e  economic nucleus management func t ion .  
Table 5 compares va r lous  nucleus  management f u n c t i o n s  be- 
tween t h e  Osaka d i s t r i c t  (Osaka, Hyogo, Kyoto) and t h e  Tokyo 
d i s t r i c t  (Tokyo, Kanagawa, Chiba, Sa i t ama) .  I t  is c l e a r  t h a t  
the  Osaka d i s t r i c t  has a s  a  whole been l o s i n g  t h e s e  f u n c t i o n s  
t o  Tokyo. 
Although t h e r e  a r e  s e v e r a l  r easons  why Osaka i s  l o s i n g  t o  
Tokyo, t h e  fo l lowing two a r e  considered t o  be t h e  n a i n  ones.  
( ;  , \ . Tokyo i s  t h e  n a t i o n a l  c e n t e r  and,  a s  a  r e s u l t ,  almost 
a l l  of t h e  n a t i o n a l  f u n c t i o n s  a r e  concen t ra ted  i n  Tokyo. a l l  of 
t h e  n i n i s t r i e s '  and n a t i o n a l  agenc ies '  o f f i c e s  a r e  l o c a t e d  i n  t h e  
c e n t e r  of t h e  town of Tokyo. 'When p r i v a t e  e n t e r p r i s e s  want t o  
g e t  permiss ion o r  approval  they have t o  go t o  t h e s e  o f f i c e s ,  so 
it i s  convenient  t o  l o c a t e  t h e i r  headquar te r s  i n  Tokyo, even i f  
product ion a c t i v i t i e s  a r e  f a r  away. Important  informat ion es -  
s e n t i a l  t o  nucleus  management f u n c t i o n s  i s  a l s o  l o c a t e d  i n  Tokyo; 
f o r  example, almost  a l l  of t h e  r e s e a r c h  i n s t i t u t e s  a r e  l o c a t e d  i n  
t h e  Tokyo d i s t r i c t ,  a s  shown l n  Table 6 .  
Table 1 .  h b r i e f  chronology of Japanese h i s t o r y .  
Governed by Emperors 
ri Kyoto 
P o l i t i c a l  Form 
I 
I 
Governed by Royal Regents 
Ruled by i n f l u e n t i a l  c l a n  
C a p i t a l  o r  
P o l i t i c a l  
Century Center  
Cont ro l l ed  by 
ex-Emperor Voice 
Form of 
Soc ie ty  
1 3  1 Kamakura I I / Ruled by m i l i t a r y  c l a s s  
ri Kyoto r e s t o r e d  
I 
'kwd Ruled by M i l i t a r y  c l a s s  
I : Shogunate 
1 Yedo (Tokyo) 
I s o c i e t y  i 
Mei j i r e s F o r a t i o n  
rc 
I 
I2 0 ! Tokyo 
! I Modern s o c i e t y  Constitutional Government 
Tab le  2 .  The r a t i o  of t n e  main i n d i c a t o r s  of  t h e  Kinki  r e g l o n  
( e i g h t  7 r e f e c t u r e s )  t o  t h o s e  of  JaFan .  
Area 
P o p u l a t i o n  ( 1970) 
P o p u l a t i o n  i n c r e a s e  i n  1965-1970 
Arab le  l a n d  a r e a  (1972) 
A g r i c u l t u r a l  p r o d u c t i o n  ( 1 97 1 ) 
Number of  f i r m s  ( 1  970) 
Number o f  n a n u f a c t u r i n q  employees (1970) 
Value of manufac tu r ing  s h i p e n t s  (1970) 
i Jho l se sa l e  and r e t a i l  s a l e s  ( 1970 ) 
Expor t s  and impor t s  (1 970) 
N a t i o n a l  t a x  c o l l e c t e d  (1 970) 
Local  t a x  c o l l e c t e d  i 1 970) 
Local  and d i s c o u n t s  of  banks 
Distributable n a t i o n a l  income 
Sources  : ( i )  O f f i c e  o f  t h e  Prime H i n i s t e r ,  1970 P o p u l a ~ i o n  
Census o f  J apan  
!ii) K i n i s t r y  of A g r i c u l t u r e  and F o r e s t r y ,  Census 
of A g r i c u l t u r e  and F o r e s t r y  
(iii) X I T I ,  Census of X a n u f a c t u r e r s  
( i v )  M I T I ,  Census of  Commerce 
(v) The Bank 3f J a p a n ,  Yearbook of  Economlc S t a t i s t i c s  
Tab le  3. impor t an t  c u l t u r a l  a s s e t s  and n a t i o n a l  t r e a s u r e s .  
A r t s  and c r a f t s  B u l l d i n g s  
Impor t an t  I n p o r t a n  t 
N a t l o n a l  c u l t u r a l  N a t i o n a l  z u l  t u r a l  
t r e a s u r e s  a s s e t s  t r e a s u r e s  a s s e t s  
J apan  81 8 8 8 6 7 2 0 7 1 a73 
Kinki  439 4 3 6 5 15u 939 
x 53.7 19.2 7u.a 50. 1 
Source :  Agency of C u l t u r a l  A f f a l r s ,  Yearbook of  Agency f o r  
C u l t u r a l  Af f  a l r s .  
Table 4 .  Osaka 's  percentage s h a r e s  of  Japanese  economic 
a c t i v i t y  from 1 9 5 5  t o  1 9 7 5 .  
I n d u s t r i a l  shipment 
Wholesale amount 
Export 
Import 
R e t a i l  s a l e s  amount 
Outs tanding d e p o s i t s  
Outs tanding bank loans  
B i l l  exchange 
S e c u r i t y  exchange 
D i s t r i b u t i o n  income 
- 
Source: Planning O f f i c e  of Osaka P r e f e c t u r a l  Government. 
Table 5.  A comparison of nucleus management f u n c t i o n s  i n  t h e  
Tokyo and Osaka reg ions  ( t h e  t o t a l  of 6 0  Japanese  
c i t i e s  = 1 0 0 % ) .  
Comprehensive nucleus 
management f u n c t i o n  4 4 . 6 0  45 .95  4 5 . 8 2  1 7 . 4 4  1 6 . 4 6  1 6 . 7 8  
Economic nucleus  
management f u n c t i o n  4 5 . 0 4  48 .00  4 7 . 2 6  2 4 . 3 4  2 1 . 1 7  2 2 . 2 9  
Admin i s t ra t ive  
nucleus  management 4 5 . 5 2  4 7 . 4 3  4 8 . 2 8  8 . 7 0  9 . 0 7  8 .64  
f u n c t i o n  
S o c i a l  and c u l t u r a l  
nucleus  management 4 2 . 2 7  4 2 . 4 0  4 1 . 9 5  1 9 . 3 1  1 9 . 1 1  1 9 . 4 3  
f u n c t i o n  
Source: Nat ional  Land Agency, Man and Nat ional  Land i n  t h e  2 1 s t  
Century.  
Tab le  6 .  The numbers of r e s e a r c h  i n s t i t u t e s  l n  Tokyo, Osaka,  
and Kanagawa. 
Tokyo Osaka Kanagawa 
S t a t e  4 3  1 a 
P u b l i c  c o r p o r a t i o n  12 - - " 2  
University 16 5 - - 
Local  government 12 10 13 
P u b l i c  i n c o r p o r a t i o n  1 a 2  3  
Think- tank  17 1 2  
P r i v a t e  e n t e r p r i s e  100 4 7  6  6  
T o t a l  218 6 6 9  4 
Source :  Sc i ence  and Technology Agency, Expe r imen ta l  and Research  
I n s t i t u t e  D i r e c t o r y .  
( i i )  . The second r ea son  is t h e  o b s o l e s c e n c e  o f  Osaka ' s 
i n d u s t r i e s .  Table  7  shows t h e  d i f f e r e n c e s  between t h e  i n d u s t r i a l  
s t r u c t u r e s  of t h e  f i v e  l e a d i n g  J a p a n e s e  p r e f e c t u r e s .  Osaka and 
3yOgO p r e f e c t u r e s  have heavy- indus t ry  s t r u c t u r e s  t h a t  make heavy 
demands on  r e s o u r c e s  such  a s  e n e r g y ,  w a t e r ,  and l a n d .  They a r e  
now f a c i n g  difficult problems:  r e s o u r c e  s h o r t a g e s  on bo th  i o c a l  
and g l o b a l  s c a l e s ,  environmental p o l l u t i o n ,  and c o m p e t i t i o n  from 
s i m i l a r  industries i n  developing countries. 
Table  7.  The industrial s t r u c t u r e s  of  J a p a n ' s  f i v e  l e a d i n g  
p r e f e c t u r e s  i n  1975. 
Xigh r e s o u r c e  Highly 
Urban needs consumption p roces sed  
P r e f e c t u r e  Type ( A )  S Type ( B )  3 Type ( C ) &  T o t a l  5 
Osaka 2 1  . 6  $ 1  - 3  
Tokyo 38.0 19 .5  
h c h l  16 .8  35.1 
Xyogo 24.9 4 4 . 3  
Kanagawa 14 .0  35.7 
Type ( A ) :  f o o d s t u f f ,  c l o t h e s ,  f u r n i t u r e ,  publication and p r i n t -  
i n g ,  t anned  l e a t h e r  e t c .  
Type (B): t e x t i l e ,  woods, pu lp  and p a p e r ,  chemica l ,  911,  r u b b e r ,  
c e r a m i c s ,  s t e e l ,  non - f e r rous  m e t a l s  
Type ( C ) :  m e t a l s ,  machinery, e l e c t r i c a l  ~ n s t r u m e n t s ,  p r e c i s i o n  
I n s t r u m e n t s ,  transportation i n s t r u m e n t s  
Source :  ? . l I T I ,  Csnsus o f  Xanuf a c t u r e  rs . 
During t h e  e r a  of h igh economic growth, u r b a n i z a t i o n  a l s o  
made r a p i d  p rogress .  The s i t u a t i o n  i n  Osaka p r e f e c t u r e  i s  shown 
i n  Table 8 .  Rapid u rban iza t ion  u s u a l l y  caused a  shor tage  of 
s o c i a l  overhead c a p i t a l ,  a s  was unavoidable i n  Osaka. 
Table 8 .  The i n c r e a s e  of densely  i n h a b i t e d  d i s t r i c t s  ( D I D s )  i n  
Osaka p r e f e c t u r e .  
1 9 6 0  1 9 6 5  1 9 7 0  1 9 7 5  
Popula t ion ( thousands)  5 5 0 5  6 6 5 7  7 6 2 0  8 2 7 9  
Popula t ion of D I D s  ( thousands)  4 4 7 9  5 5 8 1  6 8 6 3  7 6 8 2  
Percent  81 . 4  8 3 . 8  9 0 . 1  9 2 . 8  
Area (kn2) 1831  1 8 4 0  1 8 5 4  1 8 5 8  
Area of D I D s  (km2) 3 3 3  4 0 5  5 9 4  7 2 5  
Percent  1 8 . 2  2 2 . 0  3 2 . 0  3 9 . 0  
Source: O f f i c e  of t h e  Prime M i n i s t e r ,  1 9 7 5  Popula t ion Census 
of Japan.  
3 .  THE REHABILITATION OF OSAiZA 
Facing t h i s  p r o b l h a t i q u e  a s  a  p r i n c i p a l  p a r t  of t h e  Kinki 
r eg ion ,  Osaka i s  now s t r u g g l i n g  t o  seek s o l u t i o n s .  The c a t c h  
phrase  i s  " t h e  r e h a b i l i t a t i o n  of Osaka." I n  a  broad s e n s e ,  t h e  
word Osaka i s  o f t e n  rep laced  by "Kinki" o r  "Kansai ."  The de f in -  
l t i o n  of "Kansai" i s  r a t h e r  vague, but  it i s  u s u a l l y  used a s  a  
synonym of "Kinki."  I n  c o n t r a s t  t o  "Kansa i , "  t h e  region includ-  
ing  t h e  Tokyo met ropo l i t an  a r e a  is c a l l e d  "Kanto." 
Since  t h e  f a c t  t h a t  Osaka o r  Kansai is  l o s i n g  t o  Tokyo o r  
Kanto is  roo ted  deep i n  t h e  p r e s e n t  socioeconomic and p o l i t i c a l  
s t r u c t u r e ,  it w i l l  be d i f f i c u l t  t o  r e s t r a i n  o r  r e v e r s e  t h e  cur-  
r e n t  t r e n d .  In  o r d e r  t o  do t h i s ,  it w i l l  be necessa ry  t o  coor-  
d i n a t e  and i n t e g r a t e  such v e r s a t i l e  countermeasures a s  t h e s e :  
- b u i l d i n g  a  new town g a t h e r i n g  v a r i o u s  i n s t i t u t e s  f o r  
n igher  educat ion and r e s e a r c h  t o g e t h e r  
- b u i l d i n g  an i n t e r n a t i o n a l  economic and c u l t u r a l  ex- 
change c e n t e r ,  inc lud ing  t h e  Kansai New I n t e r n a t i o n a l  
A i r p o r t  
- urban redevelopment i n  Osaka C i t y ,  inc lud ing  t h e  
es tab l i shment  of t h e  Nakanoshima Pub l ic  Enter ta inments  
- composite development of Lake Biwa 
- a  c l e a n  a i r  p lan  
- a g e n e r a l  rearrangement of a l l  o t h e r  s o c i a l  and econ- 
omic overhead c a p i t a l  
A l l  of t h e s e  w i l l  c o n t r i b u t e  t o  r e s t o r i n g  t h e  admin i s t ra -  
t i v e  nucleus  f u n c t i o n s ,  t o  in t roduc ing  knowledge-intensive 
i n d u s t r i e s ,  and t o  s t r eng then ing  t h e  r e g i o n a l  s o l i d a r i t y .  
P a r t  I1 
THE FIELD STUDY 
PLANNING, MODELING, AND ENVIRONMENTAL DECISION MAKING- 
A CASE STUDY OF THE K I N X I  REGION I N  JAPAN 
S. Ikeda,  J . W .  Owsinskl, and D . V .  W i n t e r f e l d t  
I n c e r n a c i o n a i  I n s t i c u t e  f o r  A p p l i e d  S y s z e m s  A n a l y s i s ,  
Laxenburg ,  d u s t r i a  
. INTRODUCTION 
1 . 1 .  Purpose of t h e  Study 
1 
This  c h a p t e r  summarizes t h e  f i n d i n g s  of a  f i e l d  s tudy  ca r -  
r i e d  o u t  w i t h i n  a  s e r i e s  of case  ana lyses  of socioeconomic con- 
d i t i o n s ,  p lanning systems and methods, and program o r g a n i z a t i o n s  
f o r  r e g i o n a l  development. Three examples of r e g i o n a l  develop- 
ment have been analyzed: t h e  Tennessee Va l l ey  Author i ty  i n  t h e  
USA [ I ] ,  t h e  Bratsk-Il imsk T e r r i t o r i a l  Product ion Complex i n  t h e  
USSR [ 2 ] ,  and t h e  North Sea petroleum development [ 3 ] .  The aims 
of t h e  case  ana lyses  were twofold: 
- t o  g a t h e r  exper ience  i n  methods and procedures used 
w i t h i n  t h e  development, and 
- t o  t e s t  and develop systems a n a l y t i c  and s y n t h e t i c  
techniques  t h a t  can be a p p l i e d  t o  t h e  a n a l y s i s  and 
des ign  of development under takings .  
The r e s e a r c h  on t h e  Kinki region p r o b l e p  and t h e  methods 
f o r  t h e i r  s o l u t i o n  was conducted i n  c l o s e  coopera t ion  wi th  t h e  
Kinki I n t e g r a t e d  Regional Development Program modeling c a r r i e d  
o u t  by s e v e r a l  Japanese s c i e n t i f i c  groups from u n i v e r s i t i e s  and 
i n s t i t u t e s  i n  t h e  Kinki region.  
This  c h a p t e r  w i l l  f i r s t  g i v e  a  summary of t h e  l o g i c ,  con- 
t e n t s ,  and o r g a n i z a t i o n a l  form of an  a c t u a l  p lanning and manage- 
ment system of a p p r o p r i a t e  scope. Within t h i s  d e s c r i p t i o n  
s p e c i a l  emphasis is  placed on e l a b o r a t i n g  t h e  so -ca l l ed  Compre- 
hensive  Development Plan and on f i n a n c i a l  r e l a t i o n s .  Beside 
g e n e r a l  s o c ~ o e c o n o m i c  p l ann ing  and management, two d i s t i n c t  sub- 
sys tems w l l l  be looked a t :  one o b j e c t - b a s e d  ( t h e  env i ronmen ta l  
management s y s t e m ) ,  and t h e  o t h e r  f u n c t i o n a l  ( t h e  model sys t em,  
a s  a  s u b s e t  of f o r m a l i z e d  p l a n n i n g  t e c h n i q u e s ) .  
Problems were r e p o r t e d  on t h e  b a s i s  of  p e r c e p t i o n s  cornmunl- 
c a t e d  t o  us  by r e p r e s e n t a t i v e s  of r e g l o n a l  b o d i e s .  They be long 
t o  two d i s t i n c t  c a t e g o r i e s :  
- t h e  problems e x i s t i n g  i n  t h e  r e g i o n a l  soc ioeconomic  
sys tem,  and 
- t h e  problems e x i s t i n g  w i t h i n  t h e  p l ann ing  and manage- 
ment sys tem i n  cop ing  w i t h  t h e  problems o f  t h e  f i r s t  
c a t e g o r y .  
The s t u d y  team p a r t i c u l a r l y  looked  a t  t h e  s econd-ca t ego ry  prob- 
lems fqom t h e  p o i n t  of  view o f  i n t e g r a t i o n ,  b o t h  o r g a n i z a t i o n a i  
and n e t h o d o l o g i c a l  i n t e g r a t i o n  of v a r i o u s  q u e s t i o n s ,  p o i n t s  of 
v iew,  and i n t e r e s t ,  and a l s o  i n t e g r a t i o n  of  models i n t o  t h e  
p l ann ing  and management p r o c e s s e s .  
1 . 2 .  The Approach t o  t h e  A n a l y s i s  
The p l a n n i n g  and management sys t em,  i t s  o r g a n i z a t i o n ,  func-  
t i o n l n g ,  and outcomes were vlewed t h r o u g h  t h e  s e t  o f  ; c z a r s  
(institutions, g r o u p s ,  o r  i n d i v i d u a l s  having  a  s ay  i n  a  g iven  
problem a r e a )  o r  t h e i r  g r o u p i n g s ,  where a c t o r s  can  be d i s t i n -  
g u i s h e d  on t h e  b a s i s  of  t h e i r  2 a l u a s  and i n s z r w n e n t s  t h a t  can  
be o p e r a t e d .  
The main a s se s smen t  and e v a l u a t i o n  c r i t e r i o n  t a k e n  i n  t h i s  
s t u d y  is t h e  i n t r a s y s t e m i c  = o n s i s r z n c y .  T h i s  c r i t e r i o n  r e q u l r e s  
t h a t  f o r  a spec t rum o f  v a l u e s  e x p l i c i t l y  s t i p u l a t e d  w i t h i n  t h e  
sys tem they  a c t u a l l y  shou ld  be pursued  th rough  t h e  per formance  
of t h i s  sys tem.  Such a n  approach  necessitates, f i r s t  o f  a l l ,  a  
check on c o n s i s t e n c y  o f  g o a l s  t h a t  r e s u l t  f rom a c t o r s '  v a l u e s ,  
t h e n  a  check  on p o l i c i e s  t h a t  a r e  meant t o  a c h i e v e  s p e c i f i c  
g o a l s ,  and f i n a l l y  a  check on i n t e r - p o l i c y  c o n s i s t e n c y .  Such 
an  a n a l y s i s  is meant t o  show how c e r t a i n  g o a l s  may f a i l  t o  be 
ach i eved  and where t h e  p o l i c y  gaps  e x i s t  o r  where t h e  p o l i c i e s  
may c o u n t e r a c t .  
An i n p o r t a n t  a d d i t i o n a l  c r i t e r i o n  i s  t h e r e f o r e  t h e  < n c z g r a -  
;Con f a c t o r  (see F i g u r e  1 ) .  Disintegration (pu r suance  of  p a r -  
t i c u l a r  i n t e r e s t s  o r  l a c k  of  p r o v i s i o n  f o r  j o i n t  consideration 
of o p t i o n s  and p o l i c i e s )  nay l e a d  t o  i n c o n s i s t e n c y  i n  g o a l s  and 
l n  policies, and even  t o  ~ n t r a i n s t i t u t i o n a l  qaps  i n  t h e  ind ivLd-  
) l a 1  p o l i c y - g o a l  l i n e .  I n t e g r a t i o n  a s  a  c a p a c i t y  o f  a  sys tem t o  
j o i n t l y  c o n s i d e r  { e x p l i c i t l y  o r  i m p l i c i t l y  t h rough  c e r t a i n  b a r -  
gaining mechanisms) v a r i o u s  v a l u e s ,  and t h e  p o l i c i e s  p e r t a i n i n g  
t o  them, and t o  make them a p p e a r  i n  f i n a l  outcomes ( p r o d u c t s  o r  
impacts o f  t h e  development)  w i l l  be looked  a t .  
During t h e  f i e l d  s t u d y  a  nuinbar o f  interviews were conducted  
and e f f o r t s  were nade =o c o v e r  a l l  t h e  a c t o r  j r o u p l n g s  and func-  
t i o n s  w i t h i n  t h e  p o l i c y  and d e c i s l o n  ?recess, such  a s  
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a .  C e n t r a l  o r g a n i z a t i o n s  
- Nat iona l  Land Agency 
- Kinki  au reau  of N i n i s t r y  a f  C o n s t r u c t i o n  
b.  Regional  o r g a n l z a t r o n s  
- Osaka, klyogo, Kyoto, and Shiga  p r e f e c t u r a l  govern-  
ments: P l ann ing  and C o o r d i n a t i o n ,  L l f e  and En- 
v i ronment ,  P u b l i c  Hea l th  Divisions, and . ' . loni tor ing 
C e n t e r s  
- Kyoto C i t y  O f f i c e  
c .  E x p e r t s  
- Kyoto and Osaka U n i v e r s i t i e s ,  I n s t i t u t e  f o r  Environ-  
menta l  Research on Kinki  I n t e r n a t i o n a l  A i r p o r t .  
2 .  REGIONAL COMPREHENSIVE DEVELOPMENT ?LANS I N  THE 1970s 
S i n c e  t h e  o i l  c r i s i s  i n  1974,  J apan ,  t y p i c a l  o f  most indus-  
t r i a l  c o u n t r i e s ,  ha s  been Forced t o  cope w i t h  t h e  c h a l l e n g e  o f  
a  s h i f t  from a  c o u n t r y  w i t h  a  h i g h  growth  r a t e  t o  one  w l t h  a  low 
growth r a t e  and from a  q u a n t i t a t i v e  i n c r e a s e  i f i  income t o  a  q u a l -  
i t a t i v e  enr ichment  o f  l i f e - i n  t h e  f a c e  o f  bo th  a  s h o r t a g e  of  
n a t u r a l  r e s o u r c e s  and t h e  burden of heavy env i ronmen ta l  ? o l l u t i o n .  
Equa l ly  t r u e  i s  t h e  f a c t  t h a t  each  i n d i v i d u a l  p r e f e c t u r e  has  a  
lower growth  r a t e  and i s  t h e r e f o r e  compel led  t o  cope w i t h  t h e  
f o l l o w i n g  major  problems : 
- How t o  a l l o c a t e  t o t a l  r evenue  i n  a  w e l f a r e  sys tem and 
improve t h e  envi ronment  w h i l e  a t  t h e  same t i m e  promot- 
i ng  a  change i n  i n d u s t r y  from a  heavy,  chemica l  ba se  
t o  an i n f o r m a i l o n - o r i e n t e d  base-in a  community -41th 
d i v e r s i f i e d  v a l u e s .  
- How t o  e s t a b l i s h  f i n a n c i a l  measures  a s  w e l l  a s  a  s e l f -  
p l ann ing  c a p a c i t y  from a  p r e f e c t u r a l  r a t h e r  t han  a  
n a t i o n a l  v i ewpo in t .  
- How t o  c o o r d i n a t e  and i n t e g r a t e  i t s  own r e g i o n a l  ae-  
velopment  p i a n s  I n t o  l a r g e - s c a l e  n a t i o n a l  3 r o j e c t s .  
- How t o  respond q u i c k l y  t o  local-community and r e s i -  
d e n t s '  movements and t o  a l d  t h e i r  p a r t i c i p a t i o n  i n  
t h e  p l a n n i n g  3 r o c e s s .  
These i s s u e s  seem t o  necessitate a  long-term P r e f e c t u r a l  
Comprehensrve Development 2rogram !?CDP) t o  c o o r d i n a t e  i n d i v i d -  
, ~ a i  3 r o j e c t s  a t  bo th  i n t r a -  and i n t e r p r e f e c t u r a l  l e v e l s .  Ac- 
c o r d i n g  t o  a  r e c e n t  su rvey  c a r r i e d  o u t  by t h e  . ' l i n l s t r y  of  Home 
.iff a i r s  [ U  ] , a lmost  a l l  t h e  p r e f e c t u r e s  i n  Japan  have completed 
o r  a r e  ? r e p a r i n g  PCDPs. 
2 . 1 .  A c t o r s '  Values and ? o l i c y  I n s t r u m e n t s  
T a b l e  1 summarizes t h e  ? o t e n t i a l  a c t o r s  and v a l u e s  i nvo lved  
i n  t h e  TCDP p lann ing  3 r o c e s s .  Looking a t  t h e  i n t e r f a c e s  of  c o r e  
a c t o r s  between 3 r e f e c t u r a i  and c e n c r a l  Yovernments, we f i n d  two 
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k inds  of i n t e r a c t i o n s :  one i s  t h rough  t h e  n a t i o n a l  C3P and t h e  
o t h e r  is  t h rough  t h e  n i n i s t e r i a l  l o n g - t e r n  p l a n s  f o r  p u b l i c  
f a c i l i t i e s  such  a s  r o a d s ,  p o r t s ,  and sewerage ( s e e  F i g u r e  2 ) .  
A s  t o  r e g i o n a l  f i n a n c e ,  t h e r e  a r e  two main income s o u r c e s  
f o r  l o c a l  government budge t s .  One i s  l o c a l  t a x a t i o n ,  which 
f lows  d i r e c t l y  i n t o  t h e i r  r evenue ,  and t h e  o t h e r  is  t h e  c e n t r a l  
yovernment ,  which s u p p l y s  t h rough  v a r i o u s  c h a n n e l s  such  a s  l o c a l  
a l l o c a t i o n  t a x  and subs idy .  The l o c a l  a l l o c a t l o n  t a x  i s  one  of  
t h e  major  means of  ad jus tmen t  f o r  t h e  r e d i s t r i b u t i o n  of  revenue  
c o l l e C t e d  by t h e  c e n t r a l  government t o  h e l p  d e c r e a s e  r e g i o n a l  
imbalances .  
? r e f e c t u r e s  have abou t  4 0  p e r c e n t  autonomy i n  t e rms  of 
budge t ing  d i s c r e t i o n .  However, s i n c e  e x p e n d i t u r e  is  n a i n l y  on 
p e r s o n a l  a l l owance  ( app rox ima te ly  3 3  p e r c e n t  of  t o t a l  expend i -  
t u r e  l n c l u d i n q  e d u c a t i o n ,  p o l i c e ,  and h e a l t h  s e r v i c e s  s t a f f )  
and g e n e r a l  a d m i n i s t r a t i o n ,  t h e  i n v e s t m e n t  a l l o c a t e d  t o  t h e  con- 
s t r u c t i o n  of socioeconomic and env i ronmen ta l  i n f r a s t r u c t u r e  can-  
n o t  o p e r a t e  i n  an  e f f i c i e n t  way w i t h o u t  o b t a i n i n g  s u b s i d i e s  from 
t h e  c e n t r a l  government .  
The c e n t r a l  government has  t h r e e  t y p i c a l  p o l i c y  i n s t r u m e n t s  
i n  t e rms  o f  f i n a n c i a l  c o n t r o l ;  
a  g e n e r a l  governmenta l  s u b s i d y  f o r  a  ? a r t i c u l a r  p r o j e c t  
a c c o r d i n g  t o  t h e  framework o f  t h e  ? u b Z t c  <noesrrnan;  
2 l L o c a z i o n  ?rggrgrn 
s a n c t i o n  o r g u i a a n c ~  f o r  a  l o c a l l y  i s s u e d  bond a c c o r d i n g  
. * t o  t h e  framework of  t h e  f < n a n c i ~ L  { n v e s s r n e n s  ' zna  >sari 
grggrgrn 
h l o c a l  a l l o c a t l o n  t a x  a c c o r d i n g  t o  t h e  framework o f  t h e  
; ? e c i a  L z c c o u n z  ;cnerne. 
2 . 2 .  The Con ten t s  of P C P s  
Turning  now t o  t h e  c o n t e n t s  of  PCDPs, Tab le  2  p r e s e n t s  a 
summary o f  Osaka, Hyogo, Kyoto, and J h i q a  2 r e f e c t u r a l  CDPs i n -  
c l u d i n g  t h e  n a l n  a r e a  ( i s s u e ) ,  g o a l s  ( v a l u e s ) ,  and i n s t r u m e n t s  
( p o l i c y )  [ 5 j  . .Although t h e r e  a r e  many d i f f e r e n t  t y p e s  of  s t a t e -  
n e n t s  t o  e x p r e s s  t h e i r  g o a l s  and i n s t r u m e n t s ,  we f i n d  some 
common f e a t u r e s  : 
- c o n v e r s i o n  from a deve lopmen t -o r i en t ed  p o l i c y  t o  a  
r e l f a r e  and env i ronmen ta l  p r e s e r v a t i o n  one 
- emphasis  on t h e  f o r a a t i o n  of a l o c a l  community based 
D n  l o c a l  c u l t u r e  and c h a r a c t e r i s t i c s  
- i n n o v a t i o n  i n  i n d u s t r i a l  s t r u c t u r e  towards  a  p o i l u c i o n -  
f r e e  and knowledge-intensive t y p e  
- p u b l i c  h e a r i n g s  and p a r t l c i p a t l o n  l n  t h e  p l a n n i n g  pro-  
c e s s  of CDPs. 
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3 . ENVIRONMENTAL .UN>.ZEElB 8 :  " 
3 . 1  . i4a j o r  Environmental Problems 
The improvement of t h e  environment is a c e n t r a l  i s s u e  i n  
t h e  PCDPs, a s  shown i n  t h e  previous  s e c t i o n .  As f a r  as the  a l r -  
p o l l u t i o n  problem i s  concerned,  SO2  ~ o i l i i z l o n  has Seen success-  
f u l l y  c o n t r o l l e d ,  a  well-known n a t i o n a l  achievement i n  Japan [ G I .  
I n  p a r t i c u l a r ,  Osaka, beginning w i t h  a  poor SO2 record ,  has now 
reached t h e  n a t i o n a l  average. Most p r e f e c t u r e s  I n  t h e  Kinki re- 
gion  seem t o  be most concerned about t h e  photochemical smog 
problem. Thus, whi le  SO2 ? o l l u t i o n  i s  c o n t r o l l e d ,  NOx and photo- 
chemical smog a r e  now considered t o  be t h e  main a i r  p o l l u t i o n  
problems i n  t h e  Kinki p r e f e c t u r e s ,  a s  w e l l  a s  i n  t h e  whole 
na t ion .  
The t h r e e  main problems a r i s i n g  i n  water  p o l l u t i o n  a r e :  
f i r s t ,  t h e  p o l l u t i o n  of Lake Biwa; second, t h a t  of t h e  Yodo 
River b a s i n  through municipal  and i n d u s t r i a l  wastes ;  and f i n a l l y ,  
t h a t  of Osaka Bay. The reason f o r  t h e  p o l l u t i o n  of t h e  Yodo 
River b a s i n  a s  we l l  a s  Lake Biwa and Osaka Bay i s  mainly a  l a c k  
of sewerage systems. I n  1 9 7 6  only  3 6 . 4  percen t  of municipal  
and i n d u s t r i a l  wastes were c o l l e c t e d  through sewerage systems. 
P a r t i c u l a r l y  d r a s t i c  is t h e  p i c t u r e  in t h e  Skiga p r e f e c t u r e ,  
where up t o  now only  f o u r  percent  of t h e  wastes  a r e  t r e a t e d  i n  
sewerage systems. 
Among t h e  remaining environmental  problems, most p r e f e c t u r e s  
mentioned n o i s e  a s a  major source  of complaints .  
A 1 1  t h e s e  a r e  c l a s s i f i e d  i n t o  t h r e e  d i f f e r e n t  types  of 
problems : 
- Local problems p a r t i c u l a r  t o  a  p r e f e c t u r e  of a  c i t y  
( e . g . ,  Kyoto C i t y  c u l t u r a l  p r e s e r v a t i o n )  
- r e g t o n a L  prob2ems t h a t  involve s e v e r a l  p r e f e c t u r e s  
- n a t i o n a l  p r o b l e m s .  
The l a t t e r  two types  of problems r e q u i r e  i n t e g r a t e d  ap- 
proaches.  Two types  of i n t e g r a t i o n  approaches may become neces- 
s a r y :  v o r c i c a l  i n t e g r a z i o n  between n a t i o n a l ,  p r e f e c t u r a l ,  and 
c i t y  governments i n  t h e  n a t i o n a l  problems t h a t  r e q u i r e  c l o s e  
coopera t ion  between t h e  Environment Agency, o t h e r  m i n i s t r i e s ,  
and t h e  l o c a l  a u t h o r i t i e s ;  and h o r i z o n t a l  i n s z g r a t i o n  between 
p r e f e c t u r e s  i n  t h e  reg ion  f o r  those  problems t h a t  a r e  shared by 
t h e  r e g i o n a l  p r e f e c t u r e s .  
3.2. Organizat ion (Actors )  i n  Environment Hanagement 
The Environmental Agency is r e s p o n s i b l e  f o r  o v e r a l l  promo- 
t i o n  of environmental  a d m i n i s t r a t i o n  i n  Japan.  The Cent ra l  
Council f o r  Environmental P o l l u t i o n  Control  i s  t h e  main resea rch  
and advisory body t o  t h e  Environment Agency. Also a t t a c h e d  t o  
t h e  Environment Agency i n  i t s  resea rch  c a p a c i t y  i s  t h e  Nat ional  
I n s t i t u t e  f o r  Environmental S tud ies .  Almost a l l  Japanese pre- 
f e c t u r e s  now have po l lu t ion-con t ro l  s e c t i o n s  b u i l t  i n t o  t h e i r  
o r g a n i z a t r o n s .  They typically belong t o  t h e  D i v i s ~ o n  of Znviron-  
ment and P u b l i c  S e a l t h .  The p r e f e c t u r a l  gove rno r  a l s o  h a s  a d v i -  
s o r y  c o u n c i l s  f o r  ? o l l u t i o n - r e l a t e d  m a t t e r s ,  a s  w e l l  a s  s t a n d i n g  
9 o l l u t i o n  c o n t r o l  c o n f e r e n c e s .  A s i m i l a r  s t r u c t u r e  c a n  a l s o  be 
found on t h e  c i t y  a d m i n i s t r a t i o n  l e v e l .  
Three  l a y e r s  of o r g a n i z a t i o n a l  s t r u c t u r s  a r e  c o o r d i n a t e d  r n  
s e v e r a l  ways: by a  d i v i s i o n  o f  t h e  f u n c t i o n s  and by j o l n t  com- 
m i f t e e s ,  c o u n c i l s ,  and c o n f e r e n c e s .  
Va r ious  a p p r o v a l  schemes and mee t ings  between t h e  d i f f e r e n t  
l a y e r s  of  env i ronmen ta l  decis ion-making s u p p o r t  a  v e r t i c a l  i n t e -  
g r a t i o n .  P r e f e c t u r a l  r e p r e s e n t a t i v e s ,  f o r  example,  t a k e  ? a r t  i n  
t h e  decision-making p r o c e s s  f o r  q u a l i t y  s t a n d a r d s ,  and Environ-  
ment Agency r e p r e s e n t a t i v e s  have t o  approve  s p e c i a l  p o l l u t i o n -  
c o n t r o l  programs i n  p r e f e c t u r e s .  H o r i z o n t a l  i n t e g r a t i o n ,  however,  
a p p e a r s  Less e f f e c t i v e ,  a l t hough  t h e r e  e x i s t  s e v e r a l  commit tees  
and c o n f e r e n c e s  f o r  s p e c i a l  r e g i o n a l  ? o l l u t i o n  problems,  e . g . ,  
t h e  Water Q u a l i t y  Counc i l  i n  t h e  Kinki  r e g i o n .  
3 . 3 .  Environmental  P lanning  
Each p r e f e c t u r e  has  e l a b o r a t e d  medium-term ( t e n - y e a r )  en- 
v i ronmen ta l  p l a n s  a s  a  p a r t  o f  t h e  CDP. Tab le  3 summarizes t h e  
main f e a t u r e s  of t h e s e  p l a n s .  There  a r e  some d i f f e r e n c e s  i n  t h e  
p e r c e p t i o n s  of t h e  problems i n  t h e  f o u r  p r e f e c t u r e s .  I n  Osaka,  
n o i s e  is s t r e s s e d  much more t h a n  i n  o t h e r  p r e f e c t u r e s .  I n  t h e  
Kyoto p r e f e c t u r e ,  Yodo River  p o l l u t i o n  i s m e n t i o n e d  a s  t h e  most 
s e v e r e  problem. I n  Hyogo, c o a s t a l  p o l l u t i o n  i s  s t r e s s e d ,  w h i l e  
i n  Sh iga  t h e  p o l l u t i o n  of Lake Biwa and  t h e  l a c k  of  sewerage  
sys tems is p o i n t e d  o u t .  
The i n s t r u m e n t s  and t o o l s  conce ived  i n  t h e  p r e f e c t u r a l  ? l a n s  
f o r  a c h i e v i n g  t h e s e  t a r g e t s  d i f f e r  l i t t l e .  l o s t  n o t a b l e  is ,  
p e r h a p s ,  t h a t  Osaka and Hyogo p r e f e c t u r e s  a r e  d e v e l o p i n g  new 
i n s t r u m e n t s  f o r  p u b l i c  p a r t i c i p a t i o n .  
There  a r e  c e r t a i n  s h i f t s  from concentration e m i s s i o n  c o n t r o l  
t o  t o t a l - amoun t  emis s ion  c o n t r o l .  These changes  have been moti-  
v a t e d  t o  a v o i d  d i l u t i o n  s t r a t e g i e s  by which i n d u s t r i e s  c o u l d  
a c h i e v e  emis s ion  c o n c e n t r a t i o n  s t a n d a r d s ,  b u t  s t i l l  e m i t  t h e  same 
t o t a l  amount of p o l l u t a n t s .  The Osaka and Hyogo p r e f e c t u r a l  sn-  
v i ronmen ta l  p o l l u t i o n  c e n t e r s  have advances  w i t h  NOx t o t a l - a m o u n t  
e m i s s i o n  c o n t r o l  and  a r e  c u r r e n t l y  working on a model f o r  a l l o -  
c a t i o n  t o  d i f f e r e n t  s o u r c e s .  
Budgeting mechanisms a r e  t h e  most ~ o w e r f u l  t o o l s  f o r  t h e  
d e s i g n  and r e a l i z a t i o n  of env i ronmen ta l  ? l a n s .  7unaamen ta l ly  t h e  
f i n d i n g  was t h e  same a s  f o r  CDPs: budget rng  i s ,  i n  g e n e r a l ,  cen- 
- i i a l i z e d  ,- and p r o j e c t - o r i e n t e d .  
3 . 4 .  Environmenta l  ? loae l rng  and b ioni tor ing  
The Kinki  env i ronmen ta l  managers a r e  deve lop ing  models f o r  
env i ronmen ta l  management. Although most o t h e r  r e s e a r c h  a c t i v i -  
t i e s  a r e  done on a  n a t i o n a l  Level ( e - g . ,  r e s e a r c h  on h e a l t h  e f -  
f e c t s ,  ecological r e s e a r c h ) ,  models of ? o l l u t i o n  d i s p e r s i o n ,  
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t r a n s f e r ,  and a l l o c a t i o n  of emis s ion  amounts t o  s o u r c e s  i s  done 
by t h e  l o c a l  env i ronmen ta l  p o l l u t i o n - c o n t r o l  c e n t e r s .  Non i to r -  
i ng  i s  a l s o  a  c i t y  o r  p r e f e c t u r a l  t a s k .  
Two o b s e r v a t i o n s ,  however, can  be made on t h e  h o r i z o n t a l  
i n t e g r a t i o n  of such  models.  F i r s t ,  i n t e r p o l l u t i o n  t r a n s f e r  is  
s t i l l  p o o r l y  modeled. Osaka, f o r  example,  c o n s i d e r s  p o l l u t i o n  
i n p u t s  from o t h e r  p r e f e c t u r e s  o n l y  t h rough  f i x e d  p a r a m e t e r s .  
Thus,  t h e r e  is  no t  much h o r i z o n t a l  integration of  such  n o d e l s .  
The second o b s e r v a t i o n  i s  t h a t  i n  t h e  most u r g e n t  a r e a  of  p o i l u -  
t i o n  t r a n s f e r  modeling,  t h e  Yodo R i v e r  b a s i n  c a s e ,  t h e r e  a r e  a s  
y e t ,  o n l y  a  few a t t e m p t s  [ 7 ]  . 
4 .  PROBLEMS I N  APPLYING FORMALIZED PLANNING TECHNIQUES AND 
HODELS TO K I N K 1  INTEGRATED REGIONAL DEVELOPMENT 
Q . 1 .  Problems t o  be Solved and Model Development and U s e  
Tab le  4 p r e s e n t s  t h e  problems of  r e g l o n a l  c h a r a c t e r  a s  ? e r -  
c e i v e d  by a g e n c i e s  and m i n i s t r i e s  w i t h i n  t h e  c e n t r a l  government .  
They a r e  s t a t e d  i n  a  v e r y  g e n e r a l  form and c a n  o n l y  become 
r e g i o n - s p e c i f i c  when a p p l i e d  t o  d i f f e r e n t  r e g i o n a l  c o n d i t i o n s ,  
i . e . ,  when t h e  a c t u a l -  i n s t r u m e n t s '  use  h a s  t o  be e l i c i t e d .  I t  
shou ld  be emphasized t h a t  t h e  r e g i o n a l  p o l i c i e s  of  t h e  n a t i o n a l  
government were t o  a  l a r g e  deg ree  of  a n  i n t e r v e n t i o n i s t  n a t u r e .  
Some of  t h e  b a s i c  problems t h a t  t h e  main c e n t r a l  govern-  
n e n t a l  a c t o r s  f a c e  when choos ing  r e g i o n a l  p o l i c i e s  is t h a t  t hey  
do  n o t  f i n d ,  a s  y e t ,  modeling a p p l i c a t i o n  c o u n t e r p a r t s .  F u r t h e r -  
more, u se  of some o f t h e p o t e n t i a l l y  u s a b l e  models deve loped  wi th -  
i n  t h e  i n s t i t u t i o n a l  p l ann ing  and management sys tem h a s  been t o  
a  l a r g e  e x t e n t  abandoned. A n  i m p o r t a n t  phenomenon t h a t  c o u l d  
a l s o  be p o i n t e d  o u t  i s  t h a t  t h e  r e g i o n a l - l e v e l  models have n o t  
been developed  w i t h i n  t h e  i n s t i t u t i o n a l  sys tem,  a l t h o u g h  t h e y  
a r e  i n  g e n e r a l  l a r g e l y  r e p r e s e n t e d .  ( I t  shou ld  a l s o  be s t r e s s e d  
t h a t  a l l  t h e  f i r s t  modeling e f f o r t s  done w i t h i n  t h e  i n s t i t u t i o n a l  
a u t h o r i t y  sys tem happened t o  be i n  t h e  K ink i  r e g i o n ,  f a r  ahead 
of  t h e  o t h e r  r e g i o n s  i n  J a p a n . )  
An o v e r a l l  view o f  t h e  modeling a c t i v i t i e s  a l l o w s  f o r  a n  
e a s y  e s t i m a t i o n  of  t h e  cove rage  problem a r e a s .  T a b l e s  5 and 6 
g i v e  t h e  c l a s s i f i c a t i o n  o f  t h e  problems and models which p r e f e c -  
t u r a l  and mun ic ipa l  b o d i e s  f a c e  i n  t h e  p o l i c y  making. I t  i s  
e v i d e n t  from t h e s e  t a b l e s  t h a t ,  w h i l e  t h e r e  i s  a  f a i r l y  good 
cove rage  f o r  common and p o t e n t i a l l y  s p e c i f i c  problems,  some of  
t h e  g e n e r a l  problems a r e  l n  f a c t  n a t l o n a l  o n e s ,  and it c o u l d  be 
expec t ed  t h a t  t h e  a p p r o p r i a t e  n o d e l s  w i l l  be made w i t h i n  t h e  
c e n t r a l  p l ann ing  bod ie s .  On t h e  b a s i s  of  T a b l e s  5 and 6 a  sum- 
mary overv iew of  model a p p l i c a t i o n s  p e r t a i n i n g  t o  v a r i o u s  s t a g e s  
i n  d e c i s i o n - p r o c e d u r e  working can  be made a s  g i v e n  i n  Tab le  7 .  
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5. CONCLUSIONS 
The f i n d i n g s  of t h i s  s tudy  a r e :  t h e r e  is a  l ack  of compre- 
hensiveness  i n  t h e  o b j e c t i v e s  and a l t e r n a t i v e s  considered by t h e  
a c t o r s  involved i n  t h e  a c t u a l  r e g i o n a l  policy-making. The main 
need f o r  t h e  Kinki r e g i o n a l  development system a t  t h e  noment is 
an e f f o r t  t o  ensure  more cons i s t ency  and i n t e g r a t i o n  v e r t i c a i l y  
and h o r i z o n t a l l y  a s  t o  p o l i c y  p lann ing ,  budget ing,  and modeiing 
i s s u e s .  
From t h e  planning p o i n t  of view we observed a  d i f f e r e n c e  
between c e n t r a l  and l o c a l  governments, such a s  cont inuous  soc io -  
economic growth f o r  t h e  n a t i o n  a s  a  whole a g a i n s t  w e l l  balanced 
sociceconomic s t r u c t u r e  w i t h i n  each t e r r i t o r y .  P a r t i c u l a r l y  i n  
t h e  environmental  management system, whi le  v e r t i c a l  i n t e g r a t i o n  
and p o l i c y  cons i s t ency  seem t o  e x i s t  wi th  a  c l e a r  s e p a r a t i o n  of 
f u n c t i o n ,  a  m u l t i p l e  i n t e r r e l a t i o n  of o r g a n i z a t i o n s ,  and a  
s t r o n g  c e n t r a l  budget c o n t r o l ,  h o r i z o n t a l  i n t e g r a t i o n  l a g s  be- 
hind i n  t h e  Kinki r eg ion  a s  a  whole. 
There i s  a  r e l a t i v e l y  high degree  of comprehensiveness wi th  
regard  t o  i n t e r n a l  r e g i o n a l  problems and consecu t ive  s t a g e s  of 
decision-making procedure wi th in  t h e  p r e f e c t u r e s .  There is  more 
t o  be done i n  t h e  modeling, however, i n  making p r o v i s i o n  i n  t h e  
models developed i n  t h e  i n d i v i d u a l  p r e f e c t u r e s  f o r  a p p r o p r i a t e  
f low t o  and from o t h e r  p r e f e c t u r e s ,  t o g e t h e r  w i t h  c o n s i d e r a t i o n  
of t h e i r  r e a c t i o n s ,  p o l i c i e s ,  e t c .  Such h o r i z o n t a l  i n t e g r a t i o n  
w i l l  enab le  t h e  p r e f e c t u r e s  t o  see  whether t h e  problems they  a r e  
coping w i t h  can be aggregated o r  whether they  have t o  be t r e a t e d  
i n  a  f e a s i b l e - s o l u t i o n - s e a r c h  framework a s  a  c o n f l i c t  r e s o l u t i o n .  
Needless t o  say ,  however, t h e s e  o b s e n a t i o n s  should be con- 
s i d e r e d  a long  w i t h  an awareness t h a t  t h e  Kinki p r e f e c t u r e s  have 
Seen p lay ing  a  l e a d i n g  r o l e  i n  i n c o r p o r a t i n g  sys tems-ana ly t i c  
t o o l s  i n t o  t h e i r  p o l i c y  format ion and management a s  w e l l  a s  i n  
s t r e n g t h e n i n g  t h e i r  autonomous c a p a c i t y  t o  make it p o s s i b l e  t o  
b r i d g e  t h e  gaps  and i n c o n s i s t e n c i e s ;  
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1 .  REGIONAL PLANNING-CONCEPT AND PRCCESS 
Regional p l a m i n g  is comprehensive planning made f o r  a re-  
g ion where a number of problems involved i n  development and con- 
s e r v a t i o n  need s o l u t i o n s .  Regional p lanning forms a frame i n  
which planning f o r  towns and coun t rys ides  i n  t h e  r e g i a n  can be 
performed. Such planning r e q u i r e s  t h e  ana lyses  of i d e n t i f i e d  
problems-social, economic, o r  physical-and t h e  i n t e g r a t i o n  of 
t h e  r e s u l t s .  
Nat ional  planning is planning performed a t  n a t i o n a l  l e v e l  
with t h e  management of nationwide a c t i v i t i e s  being accounted f o r  
onacomprehensive  b a s i s .  
Urban and r u r a l  p lans  concern problems a t  l o c a l  l e v e l  a f -  
f e c t i n g  t h e  a c t i v i t i e s  of l o c a l  people.  
These two planning a c t i v i t i e s  a r e  a t  t h e  ends of t h e  plan- 
n ing spectrum, wi th  r e g i o n a l  p lanning coming between them. This 
means t h a t  r e g i o n a l  p lanning f u n c t i o n s  a r e  a t  an in te rmedia te  
l e v e l  and must coord ina te  the  two p o l a r  p l a n s ,  t h e  n a t i o n a l  p lan 
a t  t h e  t o p  l e v e l ,  and urban and r u r a l  p l a n s a t  t h e  bottom l e v e i .  
Nat ional  p lanning provides  r e g i o n a l  p lanning wi th  a frame of r e f -  
erence t o  t h e  development s c a l e  and t h e  l o c a t i o n  po l icy .  Urban 
and r u r a l  p lanning,  i n  t u r n ,  set o u t  reg iona l  p lanning informa- 
t i o n  on what is requ i red  and expected a t  l o c a l  l e v e l .  Regional 
p lanning s e r v e s  a s  a mediator t o  c o o r d i n a t e  t h e  requirements  com- 
ing from t o p  and t h e  bottom. Regional planning g l v e s  an e x p l i c i t  
p i c t u r e  of what has been f i x e d  a t  n a t i o n a l  l e v e l  and makes a 
c l e a r - c u t  judgment on what cannot be determined a t  t h e  l o c a l  
l e v e l .  
Regional planning d e a l s  wi th  an a r e a  t h a t  i s  expected t o  
mainta in  i t s  socioeconomic i n t e g r i t y  i n  t h e  t a r g e t  pe r iod .  When 
t h e  region t o  be t r e a t e d  i s  i d e n t i f i e d  a s  such,  t h e  scope of re-  
g l o n a l  planning concerns  a  s e t  of m u l t i f a c e t e d  f a c t o r s  charac-  
t e r i z i n g  t h e  region.  Then it works o u t  a  p i c t u r e  of what t h e  
region would be i n  t h e  t a r g e t  y e a r ,  the reby  i n d i c a t i n g  how t h e  
reg ion  should be managed. 
The scope of r e g i o n a l  p lanning s p e c i f i c a l l y  i n c l u d e s  such 
development and conse rva t ion  problems a s  (i)  s e t t i n g  up of a  
r e g i o n a l  frame, (ii) land use ,  (iii) t r a f f i c  and t r a n s p o r t a t i o n ,  
( i v )  t e r m i n a l s ,  ( v )  f l o o d  c o n t r o l  and water supply ,  ( v i )  energy,  
( v i i )  urban development and redevelopment such a s  t h e  renewal of 
urban c e n t e r s ,  t h e  development of urban subcen te r s  and new towns, 
t h e  p rov i s ion  of land f o r  i n d u s t r i a l  e s t a t e s ,  e t c . ,  ( v i i i )  sewage 
t r e a t m e n t ,  waste d i s p o s a l  and p o l l u t i o n  c o n t r o l ,  ( i x )  preserva-  
t i o n  and conse rva t ion  of open space ,  landscape and w i l d l i f e ,  and,  
i n  a  broader  sense ,  ( x )  management of s o c i a l  problems, such a s  
those  occur r ing  i n  d a i l y  l i f e ,  s o c i a l  w e l f a r e  problems, e t c .  
The b a s i c  i d e a s  under ly ing r e g i o n a l  p lanning and t h e  b a s i c  
g u i d e l i n e s  p resc r ibed  by i t  a r e  t h e  fo l lowing:  
- I n t e g r a t i o n  should be made t o  work o u t  how t h e  problem 
i s  t o  be handled on an area-wide b a s i s .  
- Alloca t ion  should be made t o  b r ing  about t h e  t a r g e t  
growth of i n d u s t r y  and popu la t ion  and a p p r o p r i a t e  ex- 
p l o i t a t i o n  of r e sources .  
- Consistency should be achieved t o  match both t h e  socio-  
economic planning and t h e  phys ica l  p lanning,  both  of 
which a r e  brought t o g e t h e r  i n  r e g i o n a l  planning.  
- E f f o r t s  should be made t o  coord ina te  development wi th  
p r e s e r v a t i o n  and conse rva t ion .  
- J u r i s d i c t i o n  should be i d e n t i f i e d  t o  implement t h e  
planning.  
2 .  A PROPOSED HETHOD AND PROCESS FOR REGIONAL PLANNING 
Figure  1 ske tches  my proposed method and process  f o r  re-  
g  i o n a l  p lanning.  
The process  is i n i t i a t e d  by i d e n t i f y i n g  how t h e  reg ion  
should be managed i n  t h e  t a r g e t  ?e r iod .  Next comes t h e  process  
of s p e c i f y i n g  t h e  g o a l s  and producing a l t e r n a t i v e s  t o  a t t a i n  
t h e s e  g o a l s .  The a l t e r n a t i v e s  a r e  eva lua ted  i n  t h e  next  s t e p  
t o  s i n g l e  o u t  t h e  p r e f e r r e d  a l t e r n a t i v e  based on c r i t e r i a  e s t ab-  
l l s h e d  beforehand.  
Recent work i n  t h i s  f i e l d  has made c o n s i d e r a b l e  p roqress  
i n  evolving sys temat ic  and scientific methods f o r  producing , 
s t r u c t u r e d  informat ion f o r  r e g i o n a l  planning.  Econometric and 
system-dynamics models have c o n t r i b u t e d  t o  t h e  i d e n t i f y i n g  of 
t h e  n a t u r e  and s t r u c t u r e  of r e g i o n a l  economy, i n d u s t r y ,  and 
popula t ion.  M u l t i v a r i a t e  a n a l y s e s ,  inc lud ing  mul t id imensional  
q u a n t i f i c a t i o n  methods and f a c t o r  a n a l y s i s ,  have provided ac- 
c e s s  t o  such q u a l i t a t i v e  a t t r i b u t e s  a s  s o c i o c u l t u r a l  f a c t o r s ,  

l i v i n g  environment,  e t c .  We b e l i e v e  t h a t  t h e s e  approaches from 
d i f f e r e n t  a n g l e s ,  i f  opera ted  on an i n t e g r a t e d  b a s i s ,  provide  a 
s e t  of necessa ry ,  i f  n o t  complete,  informat ion a v a i l a b l e  on which 
t o  base a sys temat ic  and s c i e n t i f i c  method i n  r e g i o n a l  p lanning.  
Alo.ng t h e s e  l i n e s ,  e f f o r t s  have been and a r e  being xade 
t h e o r e t i c a l l y  t o  i d e n t i f y  a r eg ion  by s i z e ,  c o n f i g u r a t i o n ,  and 
land-use p a t t e r n .  Devices of t h i s  k ind may use t h e  Lowry :4odel, 
mathematical  a l l o c a t i o n  models, e t c .  
In t h e  f i e l d  of t r a n s p o r t a t i o n ,  s t u d i e s  a r e  being conducted 
by p lanners  and r e s e a r c h e r s  t o  e s t a b l i s h  an i n t e g r a t e d  system 
f o r  managing t r a n s p o r t a t i o n  systems.  One t y p i c a l  example i s  t h e  
c u r r e n t  work by t h e  Kinki Bureau of t h e  : . f inistry of Cons t ruc t ion  
2erformed with a view t o  e s t a b l i s h i n g  such a system by working 
wi th  t h e  real-world d a t a  on o r i g i n - d e s t i n a t i o n  su rveys ,  genera- 
t i o n ,  d i s t r i b u t i o n  and a l l o c a t i o n  of t r a f f i c ,  economic a c t i v i t i e s ,  
land use and so  f o r t h ,  and f u r t h e r  by b u i l d i n g  up a p p r o p r i a t e  
models t o  be incorpora ted  i n t o  a demand-forecasting system. 
In t h e  sphere  of water  r e s o u r c e s ,  t h e r e  have been an in-  
c r e a s i n g  number of s t u d i e s  t h a t  concern t h e  management and plan- 
ning of t h i s  r e source .  An i n t e r e s t i n g  example t h a t  dese rves  
a t t e n t i o n  i s  a s e r i e s  e x p l o i t i n g  mathematical  programming: non- 
linear ~rogramming,  g o a l  programming, SWT (Sur roga te  Worth Trade- 
o f f  Nethod) ,  e t c .  The advent of h igh ly  e f f i c i e n t  e l e c t r o n i c  
computers,  t o g e t h e r  wi th  t h e  remarkable p rogress  i n  hydrology 
and r l v e r  eng inee r ing ,  has t r i g g e r e d  a g r e a t  advance i n  computer- 
based c o n t r o l  systems f o r  f lood  r e g u l a t i o n  and r i v e r  management. 
Another l i n e  of advance has  been seen i n  t h e  systems analy- 
s i s  of r o a d s ,  r a i lways ,  ? a r k s ,  water  supp ly ,  sewage, s o l i d  waste 
d i s p o s a l ,  e t c . ,  which a r e  considered a s  t h e  most r e l e v a n t  physi-  
c a l  components of  c i t i e s .  
Also ,  an approach is being made t o  a n a l y s i n g  bo th  t h e  
growth of t h e  community and t h e  r o l e  of and need f o r  s o c i a l  i n -  
f r a s t r u c t u r e .  
The sophisticated environmental  assessment  technology t h a t  
has r e c e n t l y  been developed i s  expected t o  p lay  an impor tan t  
r o l e  (i) i n  gauging t h e  impact of a s p e c i f i c  development on t h e  
environment such a s  p o l l u t i o n  of a i r  and wa te r ,  n o i s e ,  v i b r a t i o n ,  
Land-slnking, and (li) i n  working o u t  how t h e  d i s r u p t i o n s  t o  t h e  
environment can be brought under c o n t r o l  i n  t h e  most e f f e c t i v e  
manner. 
3 .  THE KINK1 DISTRICT DEVELOPMENT PROGRAM (KDP)-HISTORY AND 
NATURE 
With t h e  above d i s c u s s i o n  i n  mind, we now t u r n  o u t  a t t e n -  
t i o n  t o  t h e  p l a n s  t h a t  have been i s sued  o r  a r e  now under s tudy 
f o r  t h e  Kinki d i s t r i c t .  
3.1 . The National Development Program (NDP) and the Kinki 
Development Program (KDP) 
The National Development Program (NDP) was issued in October 
1962. Its goals were: 
- to implement long-term developments for the nation 
- to lead to growth of the national economy, to increased 
industrial activity in the existing industrial area, 
and to the development of industry in the underdeveloped 
areas 
- to attain a balance of development between developed and 
underdeveloped regions. 
The Kinki District Development Program (KDP) was issued in 
August 1967 to form a part of the NDP. Exclusively concerned 
with the Kinki district, it aimed at bringing the NDP down to 
the Kinki district level. Its major goals were: 
- to propose the way for the Kinki district to attaln the 
scale and structure of its economy in the target period 
1965-1980 as demanded by the.expected economic growth 
- to redevelop densely populated (high-density) areas to 
avoid the disruption to the urban environment which 
often accompanies rapid population growth 
- to develop sparsely populated (low-density) areas to 
fill in the gap in community services between high- 
density and low-density areas 
- to coordinate both the development of industry and that 
of social welfare services, thus leading the Kinki dis- 
trict to a well managed growth. 
Its major policies were: 
- to establish (i) a suburban development zone, (ii) an 
urban development zone, and (iii) an environment pres- 
ervation zone, all designed to be located within a 
radius of 50 km from the center of the Kyoto-Osaka-Kobe 
Metropolitan Area (the Keihanshin Area) in the Kinki 
district 
- to achieve a well managed growth and equity of the en- 
tire Kinki district through the implementation of such 
projects as the development and reinforcement of (i) a 
transportation system, (ii) a river system, (iii) hous- 
ing, (iv) a distribution system (e.g., distribution 
terminal) , and (v) others. 
3.2. The Second National Development Program (NDP 11) and the 
Second Kinki Development Program (KDP 11) 
Despite of the fact that the targets for the NDP were (i) 
to avoid disruption of the living environment in some extremely 
rapidly growing areas and (ii) to improve community services 
for low-density areas, and despite the projects having been im- 
plemented along these lines during the target period, the late 
1960s experienced a record economic growth, which brought on 
both  t h e  unmanaqeable growth of  c e n t r a l  c i t l e s  and t h e  a c c e l e r -  
a t e d  f a l l  of population i n  low-denslty a r e a s .  A t  t h e  same t ime ,  
t h l s  economic ml rac le ,  t o g e t h e r  wi th  t h e  remarkable advances i n  
technology dur ing t h e  pe r iod ,  has q iven r i s e  t o  a  mounting need 
f o r  communication and t r a n s p o r t a t i o n .  
In  t h i s  situation, a  s t a r t  was made on updat ing t h e  XDP t o  
overcome t h e  unwelcome chanqes t r i g g e r e d  by t h e  preceding snor -  
mous growth of economy-pollution, n o i s e ,  sp rawl ,  d i s r u p t e d  
ameni t i e s  of t h e  l i v i n g  environment,  and poor o p e r a t i o n  of s o c i a l  
inves tment ,  which lagged behind t h e  aconomic growth. Th i s  re-  
vision was c a l l e d  t h e  Second Nat ional  Development Program (NDP 
11); i t s  t a r g e t  pe r iod  was 1 9 7 1 - 1 9 8 5 .  NDP I1 is characterized 
by l a r g e - s c a l e  r e g i o n a l  p r o j e c t s  and area-wide community develop- 
n e n t s  . 
I n  concer t  wi th  t h i s  r e v i s e d  NDP, r e v i s i o n  of .&DP was made 
on t h e  fo l lowing p o i n t s .  
--ndtviduai Land-use ? r o s p e c ~ ;  'or 3 i f f a r s n z  Areas. 
In t h e  c e n t r a l  c i t i e s ,  t h e  aims were: 
- t o  r e g u l a t e  t h e  i n f l u x  of i n d u s t r y  i n t o  t h e  a r e a  
- t o  improve t h e  systems of t r a n s p o r t a t i o n  and cornrnunica- 
t i o n  i n  o r d e r  t o  pu t  a  s o p h i s t i c a t e d  management of cen- 
t r a l  c i t y  s e r v i c e s  i n t o  operation 
- t o  achieve more i n t e n s i v e  and e f f i c i e n t  bus iness  func- 
t i o n s  i n  t h e  CBD by r e p l a c i n g  t h e  o l d  o f f i c e s  and shops 
by m u l t i s t o r y  b u i l d i n g s .  
In  che suburban a r e a  t h e  aims were: 
- t o  l o c a t e  p rocess ing  and d i s t r i b u t i o n  i n d u s t r i e s  
- t o  house an  increasing number of people g e t t i n g  o u t  of 
t h e  c e n t r a l  c i t i e s  t o  l i v e  l n  the  surrounding country-  
side and commuting t o  jobs i n  t h e  urban c e n t e r s .  
Lacat ion ?o Licy f o r  Industry 
In  o r d e r  t o  handle i n c r e a s i n g  goods novements resulting 
from more people comlng i n t o  t h e  met ropo l l t an  a r e a  and from ex- 
panding economic a c t i v i t y ,  t h e  fo l lowing p o l i c i e s  were proposed: 
- t o  i s o l a t e  d i s t r i b u t i o n  a c t i v i t i e s  from 2 e r s o n a l  t r a n s -  
p o r t a t l o n  ones 
- t o  l o c a t e  distribution facilities a t  the  key linkages 
of d i f f e r e n t  modes of transportation networks,  such a s  
p o r t s ,  roads ,  railways, e t c .  
In  o r d e r  t o  avoid t h e  d i s r u p t i o n  t o  t h e  c i t y  s e r v i c e s  l n  
dense a r e a s ,  t h e  fo l lowing 2 o l l c l e s  were proposed: 
- t o  d e c e n t r a l i z e  nanufac tu r lnq  andwarehouse r n d u s c r i e s  
t o  low-density a r e a s  
- to establish zones and districts to fit in with the 
nature and capacity of the city 
- to allocate effectively the CBD functions to the urban 
centers and subcenters to attain an increased efficiency 
of business activities 
- to improve the living environment, particularly in tha 
industry-residence mixed area. 
Redeve lopment  P r o j e c t s  
Redevelopment projects were implemented to provide cities 
with parks, open spaces, arterlal roads, urban highways, rapid 
transit systems, sewage systems, etc., thereby stimulating de- 
velopment incentives of private sectors through tax or financing 
policies. 
3.3. The Third National Development Program (NDP 111) and the 
Third Kinki Development Program (KDP 111) 
As opposed to the NDP I1 targets of improving nationwide 
communication and transportation systems and of triggering 
nationwide repercussions of large-scale regional projects, the 
early 1970s experienced an increase in the population in high- 
density areas and a decrease in the population in low-density 
areas. Another crucial change that demanded the immediate re- 
vision of NDP I1 was triggered by the petroleum crisis in 1973, 
which promoted a resource-reserve reevaluation, and which drove 
Japan to a drastic recession from the high-rate economic growth 
she had enjoyed over a decade. 
In the face of these unexpected changes, the second revis- 
ion, called NDP 111, is now under development. The major rnodif i- 
cations will be made on: 
- reevaluation of natural residential units formed by 
river basin boundaries 
- dispersion of cultural and social facilities such as 
hospitals, schools, town halls, etc., to rural regions. 
The notion underlying the revision work might be called the 
settle-the-inhabitants idea. The NDP 111's main concerns will 
be with 
- specifying localities rooted in historical, social, and 
cultural backgrounds 
- giving due consideration to people's value system and 
living environment 
- improving and rehabilitating the overall environment for 
people to live in comfort. 
blajor policies of NDP I11 would include plans: 
- to preserve natural setting 
- to improve and rationalize the living environment and 
basic resources such as housing, food resources, energy 
resources and so forth 
- t o  redevelop high-densi ty  urban c e n t e r s  and surrounding 
a r e a s  ( i)  by i d e n t i f y i n g  t h e  c a p a c i t y  i n  s i z e  and func- 
t i o n  of s p e c i f i c  c i t i e s  and (ii) by r e a l l o c a t i n g  t h e  
f u n c t i o n s  of c e n t r a l  c i t i e s  t o  low-density a r e a s  
- t o  develop l o c a l  c i t i e s  and v i l l a g e s  ( i )  by e s t a b l i s h -  
i n g  f ixed  s e t t l e m e n t  zones i n  which i n h a b i t a n t s  a r e  ex- 
pected t o  l i v e  f o r  many yea rs  and (il) by r e i n f o r c i n g  
and providing a  f i n a n c i a l  b a s i s  f o r  l o c a l  governments 
- t o  make adequate u t i l i z a t i o n  of l and  (i)  by i n c r e a s i n g  
t h e  number and q u a l i t y  of e d u c a t i o n a l ,  c u l t u r a l ,  and 
medical f a c i l i t i e s  i n  low-density l o c a l  a r e a s ,  and (ii) 
by d i s p e r s i n g  manufacturing i n d u s t r i e s  t o  t h e  same 
a r e a s  
- t o  develop communication and t r a n s p o r t a t i o n  systems.  
This  r e v i s e d  program, when completed i n  t h e  nea r  f u t u r e ,  
w i l l  be broken down t o  t h e  in-depth r e v i s i o n  work a t  each d i s -  
t r i c t  l e v e l  and a s  such,  KDP I1 w i l l  be r e v i s e d  i n  t h e  frame 
provided by t h e  NDP 111. (This  r e v i s e d  KDP I1 would be c a l l e d  
KDP 111.) 
4 .  REGIONAL FRAME FOR THE K I N K 1  DISTRICT 
3 . 1 .  Popula t ion 
The popula t ion of t h e  Kinki d i s t r i c t  is  es t ima ted  a t  18.83 
n i l l i o n  i n  1975 wi th  a  growth r a t e  of e i g h t  ?e rcen t  over  t h e  
?receding f i v e  y e a r s  ( s e e  Table 1 ) .  The popu la t ion  t r e n d  i n  
Japan shows t h a t  t h e r e  has been an i n c r e a s i n g  growth r a t e  of 
popu la t ion  dur ing t h e  per iod 1960-1975, whereas t h e  Tokyo !4etro- 
p o l i t a n  d i s t r i c t  and t h e  Kinki d i s t r i c t  nave exper ienced a  
g radua l  slowing of t h e  growth r a t e  s i n c e  1965. The p r o j e c t e d  
popu la t ion  of the  Kinki d i s t r i c t  f o r  1990 i s  22.79 n i l l i o n ,  ?ro- 
vided t h a t  i t  grows by 2 1  3 e r c e n t  over  t h e  t a r g e t  pe r iod  1975- 
1990.* 
Table 1 .  Trend of popu la t ion  ( i n  n i l l i o n s ) .  
.. F i s c a l  
year  1960 1965 1970 
~ l s t r l c t - \ .  1975 
Kinki 
d i s t r i c t  
Tokyo 
met ropo l i t an  
d i s t r i c t  
Nation 94.300 99.210 104.670 111.930 
( 5 . 2 )  ( 5.3) ( 6 . 9 )  
Figures  i n  a a r e n t h e s e s  r e p r e s e n t  growth r a t e  ( 5 )  
Source: Nat ional  Census. 
The daytime popula t ion of t h e  Kinki d i s t r i c t  i n  1975 i s  
18.84 m i l l i o n  wi th  e i g h t  pe rcen t  growth over  t h e  per iod 1970-1975 
( s e e  Table  2 ) .  Scru t iny  of its t r e n d  p a t t e r n  g i v e s  t h e  same ob- 
s e r v a t i o n  a s  t h a t  f o r  t h e  d o r n i t o r y  popu la t ion .  I t  is p r o j e c t e d  
t h a t  t h e  daytune popu la t ion  w i l l  reach  22.82 m i l l i o n  by 1990 a t  
t h e  growth r a t e  of 2 1  percenr  f o r  t h e  pe r iod  i975-1990. The pro- 
j e c t i o n  a l s o  t e l l s  us  t h a t  t h e r e  w i l l  be a  c o n s i s t e n t  m i g r a t i o n  
of o u t s i d e  popu la t ion  i n t o  t h e  Keihanshin X e r r o p o i i t a n  Area.* 
Table 2 .  Trend of  daytime popu la t ion  of t h e  Rinki d i s t r i c t  
( in m i l l i o n s  ) . 
F i s c a l  yea r  1960 1965 1970 1975 
Daytime 
popu la t ion  
F igures  i n  pa ren theses  r e p r e s e n t  growth r a t e  ( 9 1 ) .  
Source: Na t iona l  Census. 
4.2.  Employment 
Tne number of persons  employed i n  t h e  Kinki d i s t r i c t  is 
es t ima ted  a t  8.57 m i l l i o n  i n  1975, meaning t h a t  t h e  primary in- 
d u s t r y  accounts  f o r  0.51 m i l l i o n  ( s i x  percen t  of t h e  t o t a l  nun- 
b e r ) ,  t h e  secondary i n d u s t r y  3.34 m i l l i o n  (39 p e r c e n t )  and t h e  
t e r t i a r y  i n d u s t r y  4.72 m i l l i o n  (55 p e r c e n t ) .  The n a t i o n a l  aver-  
age shows 1 4  p e r c e n t ,  34 p e r c e n t ,  and 52 p e r c e n t ,  r e s p e c t i v e l y .  
I t  fo l lows  from t h i s  t h a t  t h e  Kinki d i s t r i c t  is c h a r a c t e r -  
i zed  by r e l a t i v e l y  h igh  s h a r e s  i n  t h e  number of  persons  engaged 
i n  t h e  secondary and t e r t i a r y  i n d u s t r i e s ,  and a  r e l a t i v e l y  low 
s h a r e  i n  t h e  primary i n d u s t r y .  The p a s t  t r e n d  shows a  d r a s t i c  
dec rease  i n  t h e  number of persons  engaged i n  t h e  primary indus- 
t r y ,  no f l u c t u a t i o n  i n  t h e  number of t h o s e  i n  t h e  secondary 
i n d u s t r y ,  and a  c o n s t a n t  i n c r e a s e  i n  t h e  number i n  t h e  t e r t i a r y  
i n d u s t r y .  
The number of persons  employed i n  t h e  Kinki d i s t r i c t  i s  pro- 
j ec ted  t o  be 10.62 m i l l i o n  by 1990 a t  a  growth r a t e  of  23 pe rcen t  
over  t h e  p e r i o d  1975-1990, meaning t h a t  t h e r e  w i l l  be 0.34 m i l -  
l i o n  of those  i n  primary i n d u s t r y ,  4.05 a i l l i o n  of those  i n  
secondary i n d u s t r y  and 6.28 m i l l i o n  of t h o s e  i n  t e r t i a r y  indus- 
t r y . *  This  impl ies  t h a t  i n  t h e  Kinki d i s t r i c t  t h e r e  w i l l  be a  
c o n s t a n t  f a l l  i n  t h e  number of persons  engaged i n  primary indus- 
t r y  and a  c o n s t a n t  growth of those  i n  t e r t i a r y  i n d u s t r y .  A s  f o r  
secondary i n d u s t r y ,  it w i l l  decrease  i n  t h e  Keihanshin Metropoli-  
t a n  Area, whereas i t  w i l l  grow i n  t h e  r e s t  of t h e  Kinki d i s t r i c t .  
3  Economic I n d i c a t o r s  
.4gr<cx L t u r a  L 2 r o a u c t t o n  
The amount of  a g r i c u l t u r a l  p r o d u c t i o n  i n  money te rms is 
323.5 b i l l i o n  yen ,  c o v e r i n g  6.8 p e r c e n t  o f  t h e  t o t a l  amounts f o r  
t h e  n a t i o n  ( s e e  Table 3 ) .  P r o j e c t i o n  shows t h a t  t h e  amount w i l i  
approach 505 b i l l i o n  by 1990.* 
Z n d u s t r i a i  Shipments  
The amount of i n d u s t r i a l  sh ipments  i n  money t e r n s  was es t i -  
na ted  a t  17,900 b i l l i o n  yen i n  197U w i t h  2 1  p e r c e n t  s h a r e  i n  t h e  
t o t a l  amount f o r  t h e  n a t i o n ,  meaning t h a t  t h e  amount f o r  t h e  
Kinki  d i s t r i c t  is 80 p e r c e n t  of  t h a t  f o r  t h e  Tokyo M e t r o p o l i t a n  
d i s t r l c t  ( s e e  Tab le  4 )  . 
The p r o j e c t e d  amount of i n d u s t r i a l  sh ipments  of t h e  Kinki  
d i s t r i c t  i n  t h e  1990s is  39,000 b i l l i o n  yen w i t h  a  growth r a t e  
of 116 p e r c e n t  o v e r  t h e  p e r i o d  1979-1990.* 
5a Lzs i n  ;he who LzsaLe ana .?e ta i l  7~3zdes  
S a l e s  i n  t h e  who lesa l e  and r e t a i l  t r a d e s  accounted  f o r  
33,700 b i l l i o n  yen i n  1974,  c o v e r i n g  2 4  p e r c e n t  of  t h e  t o t a l  
amount f o r  t h e  n a t i o n .  Th i s  amount f o r  t h e  Kinki  d i s t r i c t  i s  
about  70 p e r c e n t  o f  t h a t  f o r  t h e  Tokyo K e t r o p o l i t a n  d i s t r i c t  
( s e e  Table  5 )  . 
P r o j e c t i o n  shows t h a t  t h e  amount w i l l  r e a c h  83,000 b i i l i o n  
yen ,  growing a t  a  r a t e  of 145 p e r c e n t  ove r  t h e  p e r i o d  1974-1990.c 
5 .  PROPOSAL AND PROSPECT FOR THE K I N K 1  DISTRICT 
The Kinki  d i s t r i c t  a long  w i t h  t h e  Tokyo ? 4 e t r o p o l i t a n  d i s -  
t r i c t  has  evolved  f o r  y e a r s  a s  a  c e n t e r  o f  n a t l o n a l  economy and 
c u l t u r e .  However, d u r i n g  t h e  p a s t  decade ,  w e  have s e e n  t h e r e  
nany unwelcome changes ,  which an  a x c e s s i v e  c o n c e n t r a t i o n  o f  popu- 
l a t i o n ,  i n d u s t r i e s ,  o f f i c e s ,  and s t o r e s  have b rough t  on ,  t h u s  
p u t t i n g  c e n t r a l  c i t i e s  a lmost  o u t  of  o r d e r .  Fur thermore  t h e r e  
have been no e f f e c t i v e  measures t a k e n  s o  f a r  r o  deve lop  suburban 
a r e a s .  
W e  nave a  p i c t u r e  of t h e  f u t u r e  Kinki  d i s t r i c t  a s  e v e r  
growing,  a s  t h e  c e n t e r  o f  wes t e rn  Japan and a s  p l a y i n g  a  g r e a t e r  
r o l e  a s  a  base  t e r m i n a l  f o r  d i s t r i b u t i o n .  Th i s  s u g g e s t s  a  grow- 
l n g  need f o r  t h e  development and r e i n f o r c e m e n t  of t h e  t r a n s p o r -  
r a t i o n  sys tem.  
*For d e t a i l s  s e e  t h e  1976 Study Report  p r e s e n t e d  by t h e  
Working Committee o f  t h e  Study on t h e  Comprehensive Transpor t  
System f o r  t h e  Keihanshin  X e t r o p o l i t a n  Area. The e s t i m a t e d  
f i g u r e s  f o r  1990 were worked ouc by t h e  Committee. 
Table 3 .  Trend of a g r i c u l t u r a l  product ion ( x  1  o 9  yen) . 
F i s c a l  
yea r  1 9 6 0  
D i s t r i c t  
Kinki 
d i s t r i c t  
Tokyo 
met ropo l i t an  
d i s t r i c t  
Nation 
*growth r a t e  **share ( p e r c e n t )  
Source: S t a t i s t i c s  of  A g r i c u l t u r a l  Income. 
Table 4. Trend of i n d u s t r i a l  shipment ( x  10' y e n ) .  
F i s c a l  
y e a r  1 9 7 1  
D i s t r i c t  
Kinki 
d i s t r i c t  
Tokyo 
met ropo l i t an  1 8 , 8 0 0  29 ' . O O  2 2 , 6 9 0  25 1 . 1 8  2 2 , 1 8 0  2 6  
d i s t r i c t  
Nation 
*growth r a t e  sha re  ( p e r c e n t  
Source: S t a t i s t i c s  of I n d u s t r y  
Table 5.  Trend of s a l e s  (x  10' yen) . 
F i s c a l  
y e a r  1 9 7 0  1 9 7 2  1 9 7 4  
D i s t r i c t  
Kinki 
d i s t r i c t  
Tokyo 
met ropo l i t an  
d i s t r i c t  
Nation 
*growth r a t e  **share  ( p e r c e n t )  
Source: S t a t i s t i c s  of Commerce. 
I:::::::::] u r s l m  d e v m t o a n t  rrrr  
Pigure  2 .  Land use ? a t t e r n  of t h e  Kinic~  3lstr:ct. 
There will also be an increasing amount of investment re- 
quired for the construction and consolidation of international 
airports and ports. The need for improved communication facil- 
ities such as a variety of information service centers, results 
also from the increasing demand for a wider choice of high- 
quality information on a broader area basis and wlzhin a such 
shorter time. 
The built-up areas of central cities are demanding renewal 
of urban centers and subcenters, development and reinforcement 
of transportation systems, improvement of living environments, 
provision of houses, parks and open spaces by moving the fac- 
tories. and so forth. 
It is felt that the suburban areas close to central cities 
need regional growth and expansion to be more effectively man- 
aged through more sophisticated land-use planning. Along with 
the development and reinforcement of the transportation system, 
projects should be implemented such as the preservation of green 
areas, vistas, cultural assets and so on, location of distribu- 
tion terminals, the development of new residential areas called 
"new towns," and the development of academic cities. 
In turn, there will be a growing need for the improvement 
and consolidation of local cities in the Kinki district. It is 
recommended that the locality be specified for each local area 
and be well planned-identifying the way to develop both the 
agriculture.and the industry in the local area. 
Decentralization of population and industry is a prerequi- 
site to their dispersion from high-density built-up areas to 
low-density local areas by putting into operation several incen- 
tive measures such as tax or financing policies. 
In the sphere of water resources, there will be a number of 
river-basin-oriented water-supply development projects to be 
implemented such as the Yodo River Basin Development Project 
(including the development of Lake Biwa), the Kino River Basin 
Development Project, and others. Thereby, close attention will 
be directed to bringing the water-supply projects in line with 
the scope, policies, and regional units on which flood-control 
planning is based. 
It is proposed that Kyoto, Nara, and other places with dis- 
tlnguished vistas offer places for recreation, mountain vistas, 
waterfronts and shorelines, farmlands, traditional and cultural 
assets and so on. The conservation of attractive wooded slopes 
of the Rokko and the Ikoma mountain ranges is firmly recommended. 
6. TRANSPORTATION PLANNING FOR THE KINK1 DISTRICT 
6.1 . Highway Network Planning 
In the preparation of network proposals, the statement of 
desired objectives is an essential step. These objectives de- 
scribe the function that the arterial highways in the Kinki dis- 
trict should fulfill. The objectives established as such become 
the criteria against which network proposals are evaluated. 
The next  s t e p  i n  t h e  p lanning process  i s  t h e  phase of t e s t -  
ing  t o  determine how wel l  t h e  proposed network matches t h e  f u t u r e  
t r a f f i c  demand. This  phase is c a l l e d  t h e  t r a f f i c  assignment pro- 
c e s s .  
F igure  3 shows diagrammatical ly  a  proposed b a s i c  p lannlng 
process  f o r  an a r t e r i a l  highway network. Th i s  process  was pro- 
posed by t h e  Working Committee of  t h e  Study on t h e  Comprehensive 
Transpor t  System f o r  t h e  Keihanshin Met ropo l i t an  Area, which was 
e s t a b l i s h e d  i n  1 9 7 5  and which c o n s i s t s  of members from t h e  Minis- 
t r y  of Cons t ruc t ion ,  ' t h e  Land Use Agency, t h e  P r e f e c t u r a l  Govern- 
n e n t s  of Sh iga ,  Kyoto, Osaka, Hyogo, Nara, and Wakayama, t h e  
Xunic ipal  Governments of Kyoto, Osaka, and Kobe, t h e  Japan Pub l i c  
Corporat ion f o r  Highways, and t h e  Hanshin P u b l i c  Corporat ion f o r  
Sighways. The s tudy i s  now under way. 
Notably,  u n l i k e  t h e  s ing le -core  p a t t e r n  of t h e  Tokyo : :e t ropol i -  
t a n  d i s t r i c t ,  which t a k e s  Tokyo a s  i t s  c o r e ,  t h e  Keihanshin 
ble t ropol i tan  Area i n  t h e  Kinki d i s t r i c t  i s  c h a r a c t e r i z e d  by i t s  
three-core  p a t t e r n ,  formed by Kyoto, Osaka, and Kobe. Taking 
t h i s  c h a r a c t e r i s t i c  of t h e  Keihanshin Ne t ropo l i t an  Area i n t o  
consideration, t h e  f u n c t i o n s  of a r t e r i a l  roads  a r e  broken down 
i n t o  t h r e e  c a t e g o r i e s  a s  shown i n  F igure  4 .  This  f i g u r e  provides  
a  b a s i s  f o r  reviewing f u n c t i o n s  of a r t e r i a l  r o a d s ,  t h u s  o b t a i n i n g  
t h e  f u n c t i o n a l  axes  a s  shown i n  F igure  5 .  Figure  6 shows t h e  
i d e n t i f i e d  f u n c t i o n a l  axes  i n  terms of a c t u a l  t r a f f i c  volume f o r  
1 97 4. 
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6 . 2 .  Railway Network Planning 
The Keihanshin Metropol i tan  Area has  experienced a  r a p i d  
i n c r e a s e  i n  t r a f f i c  involved i n  commuting t o  jobs ,  a t t e n d i n g  
schoo l s  and bus iness  a c t i v i t i e s .  Despi te  t h e  number of p o l i c i e s  
proposed and implemented i n  t h e  p a s t ,  it seems t h a t  t h e  develop- 
ment and improvement of f a c i l i t i e s  have lagged behind t h e  l e v e l  
t h a t  t h e  demand has reached.  
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I t  is proposed t h a t  t h e  p o l i c i e s  f o r  t h e  development and 
re inforcement  of r a p i d  ra i lway systems should inc lude :  
- reinforcement of t h e  e x i s t i n g  ra i lway f a c i l i t i e s  t o  
o p e r a t e  a t  f u l l  c a p a c i t y  
- c o n s t r u c t i o n  of a  new ra i lway system on ly  i n  t h o s e  
reg ions  where i n c r e a s i n g  demands f o r  r a i lway  t r a n s p o r -  
t a t i o n  a r e  p r o j e c t e d  t o  g e n e r a t e  o u t s i d e  of t h e  cover-  
age a r e a  of t h e  e x i s t i n g  ra i lway system 
- s e t t i n g  t h e  t a r g e t  load f a c t o r  f o r  one  rusn hour i n  
t h e  most crowded s e c t i o n  a s  150 p e r c e n t  
- des ign  of a  through-center t r a n s i t  system which re-  
q u i r e s  t h e  passenger t o  make no more than  one t r a n s f e r  
on average i n  g e t t i n g  t o  h i s  d e s t i n a t i o n  
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Figure  6 .  blobi l i ty  axes of t r a f f i c  a t  p r e s e n t .  
Source: Analysis  Report on A r t e r i a l  Highway Network of the Kinki 
d i s t r i c t  by the Kinki Regional Construct ion Bureau of 
the % i n i s t r y  of Construction. 
checking of t h e  form and r o u t e s  of t h e  proposed system 
with  r e g l o n a l  development p l a n s ,  and ensur ing t h a t  it 
conforms wi th  both r e l a t e d  r e g i o n a l  p lans  and r i v e r  
management p lans  by cons ide r ing  t h e  a c q u i s i t i o n  of land 
l o t s ,  t h e  method of c o n s t r u c t i o n  and so  f o r t h  
avoidance of t h e  c o n c e n t r a t i o n  of a  proposed system on 
s p e c i f i c  r o u t e s  and t e r m i n a l s  
p rov i s ion  of a  system f o r  l i n k i n g  suburban a r e a s  wlth 
c e n t r a l  c i t i e s ,  t h u s  g i v i n g  an impetus t o  t h e  decen t ra -  
l i z a t i o n  of urban f u n c t i o n s  and t o  t h e  development of 
suburban a r e a s  
i n t r o d u c t i o n  of new t r a n s p o r t a t i o n  sys tems,  i f  they a r e  
necessary  and a p p r o p r i a t e  i n  terms of l o c a l  i n t e r e s t s .  
"The Transpor ta t ion  Demand Forecas t s '  conducted by t h e  
Y i n i s t r y  of Transpor t  shows t h a t  i n  Kyoto, Osaka, and Kobe t h e r e  
w i l l  be over  50 pe rcen t  growth i n  t r a n s p o r t a t i o n  demand by 1985. 
On t h i s  b a s i s ,  t h e  re inforcement  p r o j e c t s  f o r  t h e  e x i s t i n g  r a i l -  
way system and t h e  c o n s t r u c t i o n  of a  r a i lway  system a r e  now 
under way. 
6 . 3 .  The Study of t h e  Comprehensive Transpor t  System f o r  t h e  
Keihanshin Ne t ropo l i t an  Area and Personal  T r i p  Surveys 
and Urban Goods Movements Surveys 
The balanced c o o r d i n a t i o n  of both ra i lway planning and high- 
way planning a r e  conceived a s  p r e r e q u i s i t e s  t o  t h e  d e s i g n  of 
f u t u r e  urban t r a n s p o r t a t i o n  systems.  For t h i s  purpose ,  method- 
o l o g i c a l  procedures should  be developed t o  break down urban 
t r a f f i c  i n t o  personal  t r i p s  and goods movements, t h u s  i d e n t i f y -  
ing t h e  modal s p l i t  of t r a n s p o r t a t i o n  o f  people and of goods 
based on t h e  d a t a  ob ta ined  i n  pe r sona l  t r i p  surveys  and goods 
movements su rveys ,  and fur thermore  dec id ing  on t h e  s h a r e s  of t h e  
former type  of t r a f f i c  by p r i v a t e  t r a n s p o r t a t i o n  means ( v e h i c l e s )  
and by n a s s  t r a n s i t  system inc lud ing  t h e  bus system, l i g h t w e i g h t  
r a p i d  t r a n s i t  system (LRT)  , heavyweight r a p i d  t r a n s i t  system 
(HRT), e t c .  
There is a  good d e a l  of informat ion a v a i l a b l e  on pe r sona l  
t r ips -a  ve ry  l a r g e  inventory  of d a t a  ob ta ined  i n  t h e  surveys  
conducted f o r  t h e  Kinki d i s t r i c t  over  t h e  pe r iod  1970-1975. 
The survey r e s u l t s ,  ob ta ined  through the  p rocess ing  and a n a l y s i s  
of v a s t  amounts of  b a s i c  d a t a ,  o f f e r  us an extremely va luab le  
g u i d e l i n e  f o r  e s t a b l i s h i n g  an i n t e g r a t e d  t r a n s p o r t a t i o n  system. 
In  c o n t r a s t ,  we have an extremely l i m i t e d  amount of i n f o r -  
mation on goods movements because of t h e  f a c t  t h a t  t h e  survey 
work would r e q u i r e  a  formidable amount of d a t a  t o  be c o l l e c t e d ,  
roce f i . sed ,and  analyzed and a  v a s t  number of man hours t o  be ? u t  
i n ,  arid a l s o  because no e x p l i c i t  concept has  ever  been e s t a b -  
l i s h e d  f o r  making use of such d a t a  f o r  the  above purposes.  
I t  seems noteworthy t o  r e f e r  t o  t h e  cha l l enge  a g a i n s t  t h i s  
unexplored problem t h a t  has been made by t h e  Working Committee 
cf  t h e  Study on t h e  Comprehensive Transpor t  System f o r  t h e  
Keihanshin ? . le t ropol i tan  Area s i n c e  1975 when t h e  preceding per-  
s o n a l  t r l p  surveys  were completed. 
There have been s e v e r a l  s i g n i f i c a n t  r e s u l t s  ob ta ined  from 
t h i s  s tudy  s o  f a r ,  which p o i n t  t o  t h e  need f o r  development of 
an a r t e r i a l  t r a n s p o r t a t i o n  system, and f o r  improved e f f i c i e n c y  
of t r a n s p o r t a t i o n .  
7 .  TERMINAL P L A N N I N G  
7 . 1 .  Por t  Planning 
There w i l l  be no change i n  t h e  r o l e  of Osaka Bay a s  a  d i s -  
t r i b u t i o n  base po in t .  There w i l l  be a  growing need f o r  t h e  
p o i n t s  l o c a t e d  a long t h e  Bay t o  be used a s  commercial p o r t s .  
The s h o r e l i n e s  ranging from Por t  of Kobe t o  P o r t  of Hannan 
w i l l  be developed a s  a  g r e a t e r  p o r t  on an area-wide b a s i s .  Con- 
s i d e r a t i o n  should be given t o  t h e  p r e s e r v a t i o n  of  a t t r a c t i v e  
w a t e r f r o n t s  i n  t h e  Seto  In land  Sea Natiorlel park Area and i n  t h e  
a r e a  ranging from t h e  sou the rn  p a r t  of t h e  Awaji I s l a n d  t o  t h e  
Tomogashima Channel, t h u s  mainta ining t h e  r e c r e a t i o n  p o t e n t i a l .  
In  t h e  f a c e  of an i n c r e a s i n g  amount of goods t o  be handled 
i n  t h e  p o r t  a r e a ,  t h e  l o c a t i o n  of d i s t r i b u t i o n  f a c i l i t i e s  w i l l  
be s e t t l e d  behind t h e  wharves t o  ach ieve  e f f i c i e n c y  and i n t e g r a -  
c ion of d i s t r i b u t i o n  system t h e r e .  C i ty -o r ien ted  i n d u s t r i e s  
inc lud ing  p rocess ing  and d i s t r i b u t i o n  i n d u s t r i e s  w i l l  be encour- 
aged t o  choose t h e i r  l o c a t i o n  i n  and behind t h e  p o r t  a r e a  through 
t h e  p rov i s ion  of developed l and  f o r  t h e s e  i n d u s t r i e s .  Conta iner  
and f e r r y  t e r m i n a l s  w i l l  be c o n s t r u c t e d  t o  meet growing demands 
f o r  c o n t a i n e r  and f e r r y  t r a n s p o r t a t i o n .  
I t  i s  recommended t h a t  t h e  implementation of r e l i e f  measures 
a g a i n s t  excess ive  d e n s i t i e s  of neighbor ing a r e a s  and accompanying 
d i s r u p t i o n s  t o  t h e  a f f e c t e d  a r e a  such a s  p o l l u t i o n ,  n o i s e ,  nau- 
seous s m e l l s ,  e t c . ,  should  be i n t e g r a t e d  i n  t h e  p o r t  p lanning.  
The proposed measures inc lude  ( i)  t h e  p rov i s ion  of l and  f o r  urban 
renewal,  (ii) t h e  c o n s t r u c t i o n  of  f a c i l i t i e s  f o r  i n d u s t r i a l ,  com- 
m e r c i a l ,  and domestic d i s p o s a l s ,  and (iii) o t h e r s .  
These a r e  t h e  -;or p o l i c i e s  t h a t  f o m  t h e  b a s i s  f o r  devis-  
ing  a  developnent  p lan  of wharves a s  shown i n  F igure  7 .  
I t  should  be noted here  t h a t  t h e  i d e n t i f i c a t i o n  of  t h e  s i z e  
and form t h a t  the .development  of wharves should t a k e  i s  inade on 
t h e  b a s i s  of both the  p r o j e c t e d  amount of  goods and t h e  es t ima ted  
dynamic performance of v e s s e l s  and ca rgoes ,  observed through t h e  
o p e r a t i o n  of s imula t ion  inodels. 
S ince  most of t h e  s h o r e l i n e s  along Osaka Bay have a l r e a d y  
been b u i l t  up, some p r o j e c t s  a r e  now going on t o  develop wharves 
i n  t h e  o f f - shore  a r e a ,  j u s t  a s  t h e  Por t  I s l a n d  and Rokko I s l a n d  
of Kobe, and South and North Osaka P o r t s  were c o n s t r u c t e d .  
On t h e s e  wharves t h e r e  a r e  and w i l l  be l o c a t e d  modern con- 
t a i n e r  f a c i l i t i e s  and d i s t r i b u t i o n  t e r m i n a l s  t o g e t h e r  wi th  re-  
c r e a t i o n a l  f a c i l i t i e s  and open spaces  such a s  "community squares"  
and " i n t e r n a t i o n a l  s q u a r e s . "  

7 .2 .  The ~ a n s a i -  I n t e r n a t i o n a l  A i r p o r t  Development Prospect  
Recently t h e r e  has been a  growing need f o r  t h e  development 
of a  new i n t e r n a t i o n a l  a i r p o r t  f o r  t h e  Kink1 d i s t r i c t .  Kajor 
mot ivat ions  a r e :  
- The Kinki d i s t r i c t  i s  second only  t o  t h e  Tokyo 4ietro- 
p o l i t a n  d i s t r i c t  i n  t h e  amount of popu la t ion  and ln-  
d u s t r y  concen t ra t ing  on i t .  
- I n t e r n a t i o n a l i z a t i o n  r e q u i r e s  che d i s t r i c t  t o  nave a  
good e n t r a n c e  f o r  i n t e r n a t i o n a l  communication i n  t h e  
spheres  of economy and c u l t u r e .  
- The i n c r e a s i n g l y  good l i v i n g  s t andard  of Japanese 
people a s  r e f l e c t e d  i n  t h e  growing l e v e l  of n a t i o n a l  
income and t h e  g r e a t e r  amount of informat ion and 
t r a n s p o r t a t i o n  needed, demands an inc reased  q u a n t i t y  
and q u a l i t y  of communication a t  international l e v e l .  
T h i s  a l s o  unp l i e s  t h e  growth of demand f o r  ano the r  
i n t e r n a t i o n a l  a l r ? o r t  i n  t h e  Kinki d i s t r i c t .  (The 
e x i s t i n g  i n t e r n a t i o n a l  a i r p o r t  c a l l e d  t h e  Osaka I n t e r -  
n a t i o n a l  Ai rpor t  i s  l o c a t e d  about  12 km nor th  from 
t h e  c e n t e r  of Osaka.) 
:dotivated by t h e s e  i n c e n t i v e s ,  a  s t a r t  was made about  a 
decade ago t o  work o u t  proposals  f o r  developing a  new i n t e r n a -  
t i o n a l  a i r ? o r t  somewhere i n  t h e  Kinki d i s t r i c t .  
A f t e r  many t u r n s  and t w i s t s  and a s  t h e  product of  a  bulk 
of b a s i c  s t u d i e s  on t h e  s e l e c t i o n  of i t s  l o c a t i o n  s i r e ,  t h e  f o l -  
lowing f o u r  p l a c e s  were ~ r o n o s e d  i n  1975: (i)  o f f  t h e  c o a s t  of 
Senshu, (ii) o f f  t h e  c o a s t  of Kobe, (iii) o f f  t h e  c o a s t  of 
Harima, and ( i v )  on Awaj 1 I s l a n d  ( s e e  F igure  8 )  . 
Then, f u r t h e r  e f f o r t s  were made t o  s i n g l e  o u t  a  l o c a t i o n  
s i t e .  Cons ide ra t ions  included:  
- Could t h e  nav iga t ion  system guaran tee  a i r p l a n e s  naking 
s a f e  l and ings  and t ake-of f s?  
- Would t h e  access  t o  t h e  a i r p o r t  be convenient  f o r  
u s e r s ?  
- Would it be t e c h n o l o g i c a l l y  and econon ica l ly  ? o s s i S l e  
t o  b u i l d  t h e  a i r ~ o r t  and would :here be enough room t o  
expand it when and where necessary?  
- What impact would ~t have on t h e  environment and par-  
t i c u l a r l y  what about no i se?  
- What kind of  i n t e r a c t i o n s  would it have wi th  o t h e r  p ions  
and i n  what i n t e r f a c e s  oY planning would i t  occur?  
.It t h e  p r e s e n t  s t a g e ,  t h e  Senshu a l t e r n a t i v e ,  having been 
i d e n t i f i e d  a s  t h e  most e l i g i b l e  s i t e ,  is going t o  undergo in- 
depth  checkings ,  wi th  t h e  enviromnental  a s s e s s n e n t  t o  be ?re-  
ceded by a  s e r i e s  of b a s i c  f i e l d  surveys  on wind and marit ime 
c o n d i t i o n s  i n  t h e  v i c i n i t y  of t h e  proposed l o c a t i o n  s i t e .  The 
towers f o r  observing and c o l l e c t i n g  d a t a  on such c o n d i t i o n s  a r e  
*The word "Kansai" 1s  used a s  a  synonym f o r  "Kinki ."  

now under c o n s t r u c t i o n  by t h e  I \ I in is t ry  of Transpor t .  Concur- 
r e n t l y ,  s t u d i e s  by t h e  X i n i s t r y  of Transpor t  t o  provide  b a s i c  
informat ion f o r  dev i s ing  a  r e g i o n a l  development p lan  of t h e  
neighboring a r e a  a r e  t ak ing  place .  
8 .  WATER PROBLEMS IN THE K I N K 1  DISTRICT 
8 . 1 .  Flood-Control Planning 
Ensuring t h a t  peop les '  l i v e s  and &longings  a r e  secure  
a g a i n s t  n a t u r a l  d i s a s t e r s  is a  p r e r e q u i s i t e  f o r  the  s t a b l e  e s -  
tabl ishment  of a  b a s i s  f o r  l i v i n g  and product ion.  Flood c o n t r o l  
is  a p r o t e c t i o n  s e r v i c e  of t h i s  kind o f f e r e d  by some p u b l i c  
agenc ies  such a s  t h e  Min i s t ry  of Cons t ruc t ion ,  each p r e f e c t u r a l  
government, e t c .  
The Yodo River Basin,  t h e  b i g g e s t  i n  t h e  Kinki d i s t r i c t ,  
covers  7.305 km2, being a  p a r t  of  t h e  Shiga ,  Kyoto, Nara, and 
Osaka p r e f e c t u r e s .  I t  has t h r e e  major t r i b u t a r i e s  converging 
on t h e  main Yodo River ,  t h a t  i s ,  (i)  t h e  Katsura River cover ing  
1 4 percen t  of t h e  a r e a  of t h e  Yodo River Basin ,  (ii) t h e  U j i 
Xiver cover ing 4 8  percen t  of t h e  same t o  i n c l u d e  Lake aiwa a s  
i t s  o r i g i n ,  and (iii) t h e  Kizu River cover ing 20 pe rcen t .  
In  December 1954, t h e  Development Program f o r  t h e  Yodo 
River Basin was i s sued .  The o u t l i n e d  p o l i c i e s  a r e  t h e  fo l lowing:  
- The r e t u r n  pe r iod  of f l o o d  was s e t  a s  100 y e a r s  f o r  t h e  
t r u n k ,  and 80 y e a r s  f o r  t h e  t r i b u t a r i e s .  
- There have been s e v e r a l  f lood-con t ro l  r e s e r v o i r s  such 
a s  t h e  Takayama D a m  on t h e  Kizu River ,  t h e  Amagase Dam 
on t h e  Uj i  Xiver and so  f o r t h .  
- The S e t a  River ( t h e  upstream s e c t i o n  of t h e  U j i  River)  
was dredged t o  such a  depth  a s  r equ i red  by t h e  proposed 
r e l o c a t i o n  of t h e  o r i g i n a l  w e l r  c a l l e d  t h e  Nango Arai  
Zeki. The new weir  was des igned t o  d i scharge  600 m3/sec 
of water a t  t h e  g a t e  when t h e  water  l e v e l  of t n e  Lake 
Biwa r i s e s  t o  n e a r l y  zero  meters .  
- Improvement and re inforcement  were made of hydro log ica l  
and c l i m a t i c  d a t a  c o l l e c t i n g  systems t o  inc lude  obse r -  
v a t i o n  s t a t i o n s  and t e l e m e t e r i n g ,  t h u s  r e s u l t i n g  i n  an 
inventory  of  copious hydro log ica l  d a t a  a v a i l a b l e  f o r  
t h e  Yodo River Basin,  t o  enab le  it t o  be equipped wi th  
a  r e i n f o r c e d  f lood-con t ro l  f o r e c a s t i n g  system. 
Th i s  system c o n s t i t u t e d  t h e  backbone of t h e  I n t e g r a t e d  
Cont ro l  System f o r  t h e  Yodo d i v e r  Basin,  which was completed i n  
1969. 
The Development P r o j e c t  f o r  t h e  Yodo River Basin,  i s s u e d  
i n  1971, is  based on t h e  fo l lowing g u i d e l i n e s :  
- The peak flow of f l o o d ,  a t  which t h e  high-water l e v e l  i s  s e t ,  
is determined t o  be 17,000 m3/sec a t  a  d a t a  c o l l e c t i o n  
p o i n t  loca ted  i n  Hirakata C i t y  assumlng t h a t  t h e  aver-  
age two-day r a m f a l l  is 302 mm. The r e t u r n  per lod of 
f lood  is  s e t  a s  200 yea rs  f o r  t h e  t r u n k ,  and a t  1 5 0  
years  f o r  t h e  t h r e e  t r i b u t a r i e s .  
- Another important  p a r t  of t h e  p lan i s  the  proposed pros- 
pec t  of the  Lake Biwa Development s e t t i n g  f o r t h  t h e  pro- 
posed measures f o r  c o n t r o l l i n g  p o l l u t i o n ,  keeping t h e  
n a t u r a l  s e t t i n g  i n t a c t ,  improving d ra inage  of water  and 
so  f o r t h .  
8 .2 .  Water-Supply Planning 
There has  been a  growing demand f o r  water  e s p e c i a l l y  i n  t h e  
h igh d e n s i t y  area- t r iggered by t h e  r a p i d  growth of i n a u s t r i a l -  
i z a t i o n  and u rban iza t ion  which have taken p l a c e  s i n c e  t h e  1960s. 
Desp i t e  t h e  f a c t  t h a t  t h e  p rov i s ion  of  water  has  always 
lagged behind t h e  unexpected growth of water  demand. Th i s  had 
motivated t h e  undertaking of t h e  Second Survey of Area-wide 
Water Supply and Use System by the  ? f i n i s t r y  of Cons t ruc t ion  
which p resen ted  t h e  survey r e p o r t  i n  August 1973. 
According t o  t h e  p r o j e c t i o n ,  t o t a l  demand f o r  water i n  t h e  
1985s Kinki d i s t r i c t  i s  12.89 b i l l i o n  m3 per  y e a r ,  wi th  about 
3.48 m3 of water  demand being added t o  t h a t  of 1970. The amount 
of water  demand t h a t  w i l l  be covered by streamflows i s  es t ima ted  
a t  10.76 b i l l i o n  m3 p e r  year  f o r  1985, wi th  about  4 . 3  1 b i l l i o n  
m3 of inc ranen t  over  15 year.s. 
F igure  9 i l l u s t r a t e s  t h e  water  supply demand p i c t u r e  of t h e  
Kinki d i s t r i c t  f o r  1985, i n d i c a t i n g  t h a t  t h e r e  w l l l  be about  1 . 2  
b i l l i o n  m3 water shor tage  pe r  yea r .  The stop-gap measures pro- 
posed a r e :  
- Reduction i n  t h e  amount of water demand through reason- 
a b l e  r e s t r i c t i o n s  on domestlc and i n d u s t r i a l  uses .  
- Renovation of waste wa te r s  through t h e  t e r t i a r y  t r e a t -  
ment p rocess ,  thus  a c c e l e r a t i n g  t h e  recyc l ing  of water  
resources .  
- Implementation of t h e  area-wide development of water 
r e sources .  
- Promotion of t h e  d i s p e r s i o n  of popu la t ion  and i n d u s t r y  
t o  l o c a l  a r e a s ,  thus  r e a l l o c a t i n g  t h e  demand sources  t o  
t h e  low d e n s i t y  a reas .  
8.3.  Landscape Planning 
With d e l e t e r i o u s  changes i n c r e a s i n g l y  sp read ing  over  high 
d e n s i t y  a r e a s  such a s  d i s r u p t i o n s  t o  t h e  n a t u r a l  s e t t i n g  and 
e c o l o g i c a l  system, t h e  need f o r  t h e  p r e s e r v a t i o n  of n a t u r a l  s e t -  
t i n g s  is growing yea r  by year .  Th i s  i s  r e f l e c t e d  i n  t h e  inc reas -  
ing understanding t h a t  t h e  r i v e r  system should  be considered a s  
a  n a t u r a l  system which should be kept a s  i n t a c t  a s  p o s s i b l e  and 
which could provide people w ~ t h  a p l a c e  f o r  r e c r e a t i o n .  Severa l  
p o l i c i e s  i n  t h i s  l i n e  have a l r e a d y  been worked o u t  and put  i n t o  
o p e r a t i o n  such a s  (i) t h e  management of t h e  r e c r e a t i o n  p o t e n t i a l  
of t h e  r i v e r  system which i s  designed t o  be open t o  t h e  p u b l i c ,  
(ii) t h e  r e q u l a t i o n  of t h e  amount of  waste water  e f f l u e n t s  d i s -  
charged i n t o  t h e  r e c e i v i n g  water from i n d u s t r i e s ,  (iii) t h e  con- 
s t r u c t i o n  of sewage t r ea tment  sys tems,  and ( i v )  o t h e r s .  
u 0 rrqlan and i t s  amand 
a rrver 'iasln and d m n t  of  8 1 %  d c r c l a m n t  
F i g u r e  9 .  Xater  supply-demand p r o s p e c t  f o r  t h e  Kinki  d i s t r i c t .  
Source:  The Second Sunrey of t h e  Area-wide wa te r  Supply-Use 
System conducted  by t h e  3 i v e r  Xanagement au reau  of 
t h e  H i n i s t r y  of C o n s t u c t i o n .  
9.  UXBAN REDEVELOPMENT AND ?JEW TOWNS 
9 .  1 .  New Town P r o j e c t s  
One t y p i c a l  q u e s t i o n  t h a t  f a c e s  o u r  c i t i e s  is how t o  house 
growing numbers of r e s i d e n t s  i n  t h e  c i t y  a r e a  a s  t h e  u rban iza -  
t i o n  goes  on. There  have been many measures  invoked t o  f i n d  
s o l u t i o n s .  One good example is t h e  development  of new r e s i d e n -  
t i a l  a r e a s  c a l l e d  new towns i n  o r d e r  t o  accommodate a s  many a s  
100 t o  300 thousand i n h a b i t a n t s .  
The development  p r o j e c t s  f o r  new towns go ing  on i n  J apan  
seem t o  be d i f f e r e n t  i n  n a t u r e  from t h o s e  s e e n  i n  Western coun- 
t r i e s .  Tha t  i s ,  most o f  ou r  new towns a r e  b u i l t  a s  s a t e l l i t e  
towns a t t a c h e d  t o  t h e  c e n t r a l  c i t y  t o  which p e o p l e  t r a v e l  t o  
work by day and from which t h e y  r e t u r n  norreby n i g h t .  
We have a  w e l l  known example i n  t h e  S e n r i  New Town, which 
h a s  developed  on t h e  wes t e rn  s i d e  o f  S e n r i  X i 1 1  l o c a t e d  a b o u t  
1 5  km nor thward  from t h e  c e n t e r  o f  Osaka C i t y .  T h i s  development  
p r o l e c t  was s t a r t e d  i n  1961 by t h e  p r e f e c t u r a l  government of 
Osaka and t h e r e  appea red  a  modern new town ( s a t e l l i t e  town)  i n  
t h e  developed  l a n d  of  1 ,160  h e c t a r e s  and w i t h  a  p o p u l a t i o n  of  
1 5 0 thousand.  
T h i s  p r o j e c t  was fo l lowed  by t h e  Senboku New Tobm P r o l e c t  
which i s  now under  way a t  t h e  hands of  t h e  same government .  
There  a r e  a l s o  a  c o u p l e  o f  F r o j e c t s  go ing  on i n  Kobe C i t y  such  
a s  t h e  S e i s h i n  ( t h e  West Kobe) New Town P r o j e c t  and s o  f o r t h .  
9 .2 .  I n d u s t r i a l  Zone Development 
There  a r e  s e v e r a l  development  p r o j e c t s  of  i n d u s t r i a l  zones 
now going  on a c r o s s  t h e  Kinki  d i s t r i c t .  The expec t ed  g o a l s  of  
t h e  p r o j e c t s  a r e :  
- t o  r e l o c a t e  e x i s t i n g  i n d u s t r i e s  from t h e  h igh  d e n s l t y  
a r e a  i n t o  t h e  low d e n s i t y  a r e a  
- t o  d i s p e r s e  t o  t h e  low d e n s i t y  a r e a  i n d u s t r i e s  t h a t  
would o t h e r w i s e  converge  t o  t h e  h i g h  d e n s i t y  a r e a  
- t o  promote t h e  development  o f  l o c a l  c i t i e s  by imple- 
menting t h e  development  of  i n d u s t r i a l  zones  a s  a  b a s i c  
i n c e n t i v e .  
Yany p r o j e c t s  of  t h i s  k i n d  a r e  now under  way i n  t h e  K ink i  
d i s t r i c t .  An example is t h e  I n d u s t r i a l  Zone Development P r o j e c t  
f o r  Osandano i n  Fukuchiyama C i t y ,  Kyoto p r e f e c t u r e .  I t  i s  under-  
t a k e n  by t h e  p r e f e c t u r a l  government o f  Kyoto and e x p e c t e d  t o  
nake a  g r e a t  c o n t r i b u t i o n  t o  t h e  development  o f  Fukuchiyama C i c y ,  
a  t y p i c a l  l o c a l  c i t y  i n  t h e  Kyoto p r e f e c t u r e .  
9 .3 .  I n d u s t r i a l  Terminal  P r o j e c t s  
The e x i s t i n g  distribution sys tem of Osaka C i t y  i s  c h a r a c -  
t e r i z e d  by t h e  c o n c e n t r a t e d  l o c a t i o n s  of  d i s t r i b u t i o n  f u n c t i o n s  
i n  i t s  i n n e r  r e g i o n s  such  a s  t r u c k  t e r m i n a l s ,  r a i l w a y  c a r g o  
terminals, warehouses of t h e  c e n t r a l  wholesale  market ,  wholesale 
merchants,  and r e t a i l e r s ,  e t c .  
With a  growing amount of i n  and through t r a f f i c  f lowing i n  
t h e  c i t y ,  t h e  e f f i c i e n c y  of t h e  system has lowered yea r  by y e a r ,  
t h u s  r e s u l t i n g  i n  t h e  u n p r o f i t a b i l i t y  of  t h e d i s t r i b u t i o n  indus- 
t r y .  The proposed measures t o  overcome t h l s  d i f f i c u l t y  inc lude  
t h e  fo l lowing p r o j e c t s :  
I n  Osaka p r e f e c t u r e  
- D i s t r i b u t i o n  t e r m i n a l s  were c o n s t r u c t e d  i n  East  and 
North Osaka. 
- A j o i n t  t e rmina l  was l o c a t e d  i n  t h e  South Osaka P o r t .  
- I n d u s t r i a l  zones f o r  wholesale  and d i s t r i b u t i o n  a r e  
being planned f o r  South Osaka. 
I n  Hyogo p r e f e c t u r e  
- D i s t r i b u t i o n  t e r m i n a l s  a r e  proposed f o r  t h e  Por t  I s l a n d ,  
t h e  I V  Cons t ruc t ion  Sec t ion  Area i n  Kobe Harbor, t h e  
Harima r e g i o n ,  and t h e  Hanshin reg ion .  
9 . 4 .  Environment Management 
I n  t h e  post-war per iod Japan has enjoyed an economic mi rac le  
brought on by a  very h igh  l e v e l  of p r o d u c t i v i t y  a t t a i n e d  i n  t h i s  
narrow land.  The p o l i t i c a l  suppor t  of t h e  economy was provided 
by n a t i o n a l  economic p lans  such a s  t h e  Double-Income Program. 
The economic mi rac le  is n e i t h e r  complete nor p e r f e c t ,  though 
it has undoubtedly made a  g r s a t  d e a l  of c o n t r i b u t i o n  t o  t h e  la- 
provement of  l i v i n g  s t andards .  2apid  expansion h a s  caused a l l  
manner of imbalances-impaired n a t u r a l  s e t t i n g ,  p o l l u t e d  a i r  and 
wa te r ,  n o i s e s ,  v i b r a t i o n s ,  l o s t  sunsh ine ,  e t c .  
This  s i t u a t i o n  has  implied a  growing demand on t h e  p a r t  of 
r e s i d e n t s  f o r  improved amenities i n  t h e  l i v i n g  environment,  and 
f o r  a  more h e a l t h y ,  more c u l t u r a l ,  and more en joyab le  community 
t o  grow i n  concer t  wi th  t h e  n a t u r a l  s e t t i n g .  To s e e t  t h e  demand, 
t h e r e  has been an i n c r e a s i n g  emphasis p laced on t h e  environmental  
assessment of t h e  p r o j e c t  t o  be implemented. 
Xany p reven t ive  measures a r e  a l s o  being taken i n t o  cons ide r -  
a t i o n  such a s  ( i )  s e p a r a t i o n  of i n d u s t r i a l  a c t i v i t i e s  from r e s i -  
d e n t i a l  a r e a s  by l o c a t i n g  green b u f f e r  zones between them, by 
b u i l d i n g  b u f f e r  w a l l s  t o  reduce n o i s e  l e v e i ,  checking product ion 
o r  c o n s t r u c t i o n  systems t o  reduce v i b r a t i o n ,  (ii) l o c a t i o n  of  
p o l l u t i o n  c o n t r o l  c e n t e r s ,  (iii) improvement and re inforcement  
of f o r e c a s t i n g  systems f o r  a i r  and water  p o l l u t i o n s ,  and ( i v )  
o t h e r s .  
T h l s  r e p o r t  i s  a  p roduc t  o f  t h e  j o i n t  work by t h e  f o l l o w i n g  
peop le  who exchanged i d e a s  and views a t  t h e  i n f o r m a l  s e m i n a r s  on 
r e g i o n a l  development  o f  t h e  Kinki  d i s t r i c t .  
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THE BOLE OF MODELS I N  INTEGRATED REGIONAL DEVELOPFEN? 
P  ROGmIS 
l4 .M.  Albegov, J . W .  Owsinski ,  and A. S t r a s z a k  
I n t e r n a c i o n a L  I n s r i t u c e  :or .4ppLled Syscerns .4naiysis 
T h l s  s h o r t  pape r  p r e s e n t s  o p i n i o n s  and i d e a s  a s  t o  t h e  ap- 
p l i c a t i o n  and r o l e  of  models i n  l a r g e - s c a l e  r e g i o n a l  development  
i n t e g r a t i v e  u n d e r t a k i n g s  a r i s i n g  from p r e v i o u s  e x p e r i e n c e  a t  
IIXSk d u r i n g  1974-1978. 
1 .  O R I G I N  AND CONDITIONS OF NODEL USE 
Le t  us s t a r t  w i t h  a  s t a t e m e n t  on t h e  r o l e  of  a o d e l s ,  formu- 
l a t e d  i n  a  s t r a i g h t f o r w a r d  manner: 
Computerized ma thema t i ca l  models s e r v e  t o  h e l p  i n  t h e  
making of d e c i s i o n s  t h rough  r a p i d  h a n d l i n g  of  d a t a  
and p r e s p e c i f i e d  r e l a t i o n s  s o  t h a t  a  q u l c k  r ev i ew  of 
a l t e r n a t i v e  d e c i s i o n s ,  o r  a  d e f i n i t i o n  of  t h e  o p t i m a l  
ones  (which o t h e r w i s e  c o u l d  n o t  be f o u n d ) ,  i s  made 
2 o s s i b l e .  
Saving  t h i s ,  one can  look  a t  t h e  c o n t e x t  i n  whlch t h e  needs  f o r  
a p p l y i n g  s p e c l f i c  models emerges.  
F i r s t ,  t h e r e  i s  a lways  some ? r g b l z m  w i t h i n  t h e  soc ioecon-  
omic sys tem t h a t  i s  t h e  o b j e c t  of  c o n s i d e r a t i o n .  The problem 
may have t h e  c n a r a c t e r  of a  t h r e a t  o r  of an o p p o r t u n i t y  [ l j .  
E s s e n t i a l l y ,  t h e  ?roblem c a n n o t  be  c o n s i d e r e d  u n l e s s  p e r c e i v e d  
by o r  c o n f r o n t e d  w i t h  some (dec i s ion -mak ing )  body a f f e c t e d  by i t .  
F o r ,  I n  g e n e r a l ,  problems a r i s e  when ( s u f f i c i e n t l y  b i g )  changes  
3 c c u r  w l t h i n  t h e  socicsconornic 3o.jecc syscarn, o r  w i t h i n  t h e  
'Ja:22~ a c c o r d i n g  t o  whlch it 1s b e i n g  s h a p e d ,  o r  bo th  [ 2 ] .  I n  
o r d e r  l o r  a  2roblem t o  a p p e a r ,  it must t r a n s g r e s s  t h e  c a p a c i t i e s  
o f  t h e  e x i s t i n g  managing s y s t e a  t o  a u t o m a t i c a l l y  a d a p t .  
Thus,  che 2roblem i s  2 r o j e c t e d  i n t o  t h e  or~andzazional z n 2  
insritasionai s2szarn o v e r  t h e  soc ioeconomic  o b j e c t  sys tem t o  d i -  
r e c t  and manage it .  Not o n l y  is  it p r o j e c t e d  i n t o  t h e  nanag ina  
sys tem because  t h a t  is  where t h e  s o l u t i o n s  s h o u l d  be e l a b o r a t e d ,  
h u t  a l s o  because  t h a t  i s  where t h e  problems a r i s e  especially a s  
f a r  a s  v a l u e s  and r e a c t i o n  c a p a c i t i e s  a r e  conce rned .  
Hence, i f  problems t h a t  have a r i s e n  a r e  complex enough,  
and/or  t h e i r  s t r a i g h t f o r w a r d  h a n d l i n g  th rough  t h e  a c t u a l  manag- 
i n g  sys tem might  be cumbersome, a t  some p o i n t  i n  t h e  s o l u t i o n  
p r o c e s s  t h e  need a r i s e s  f o r  a p p l i c a t i o n  of  computer-based models.  
I n  vlew of t h e  above considerations it is c l e a r  t h a t  such  n o d e l s  
shou ld  n o t  o n l y  a d e q u a t e l y  r e f l e c t  t h e  r e a l i t y  of  t h e  soc ioecon-  
omic o b j e c t  sys tem,  h u t  n e c e s s a r i l y  t h e y  shou ld  a l s o  cor respond-  
i n  t h e i r  c o n t e n t s  and s t r u c t u r e - t o  t h e  institutional system. 
Rny model,  o r  model sys tem,  however s h o p i s t i c a t e d ,  i f  w i d  of 
~ n s t i t u t i o n a l  r e l e v a n c e ,  i s  deemed t o  be i n a p p l i c a b l e .  
. 
The q u e s t i o n ,  which t o  some e x t e n t  i s  a d d r e s s e d  h e r e ,  con- 
s ls ts  t h e r e f o r e  i n  f o r m u l a t i n g  ,and a s s e s s i n g  c o n d i t i o n s  f o r  
v a r i o u s  ways i n  whlch i n s t i t u t i o n a l  c o n t e n t s  and r o l e s  of  models 
can  be d e v r s e d ,  r a n g i n g  from a  no rma t ive  i n t e r n a l i z a t i o n  o f  i n -  
t e r a c t i v i t y  and i n t e r i n s t i t u t i o n a l  r e l a t i o n s  i n  a  model ( s y s t e m ) ,  
s o  c h a t  an o p t i m a l  r e shap ing  of  b o t h  is  o b t a i n e d ,  t o  a  s u b s t i t u -  
t l o n  of p o t e n t l a 1  integrative o r g a n i z a t i o n  by an a p p r o p r i a t e  
compos i t i on  of a  model sys tem i n t e r i n s t i t u t i o n a l l y  a c c e s s i b l e .  
2 .  THE CASE 9F LARGE-SCZE PROGRAMS 
The above p o s t u l a t e s  t a k e  on t h e i r  f u l l  meaning when con- 
f r o n t e d  w i t h  a  La rge - sca l e  problem, whicn n e c e s s i t a t e s  i n t r o d u c -  
t i o n  of a  2rogram. Lore  s p e c i f i c a l l y ,  i t  i s  unde r s tood  t h a t  a  
program needs  t o  be d e v i s e d  l f  changes  i n  t h e  o b j e c t  sys tem and/  
o r  v a l u e s  d e f i n i n g  t h e  problem s t r u c t u r e  a r e  sufficiently b i g  t o  
make i t  i m p o s s i b l e  f o r  t h e  e x i s t i n g  managing sys tem t o  hand le  
t h e  problem a p p r o p r i a t e l y .  A 2rogram does  n o t  have t o  r e q u i r e  
major s t r u c t u r a l  changes  of t h e  nanaglng  sys tem.  The minimum 
n e c e s s a r y  a l t e r a t i o n s  may l u s t  c o n s l s t  o f  some s h i f t s  i n  f - ~ n c -  
t i o n s  of  e x i s t l n g  e l emen t s  o r  e s t a b l i s h m e n t  of  a  c o o r d i n a t i n g  
body. I n  p r i n c i p l e ,  i n s o f a r  a s  t h e  a r r s i n g  of a  problsm c a n  be 
s een  a s  a  p e r t u r b a t i o n  t o  a  sinooth movement a long  a  p rede t e rmined  
g e n e r a l  t r a j e c t o r y ,  such  ~rogram-bound changes  shou ld  be  cons id -  
e x ~ d  temporary  and a f t e r  t h e  problem h a s  been s u c c e s s f u l l y  s o l v e d  
t o  d i s s o l v e  i n t o  t h e  preexisting s t r u c t u r e .  T h l s ,  hoveve r ,  1s 
n o t  v e r y  o f t e n  t h e  c a s e .  ?rograms t e n d  t o  s e l f - c o n t i n u e .  
Fcr  pu rposes  of  o u r  c o n s r a e r a t r o n s  l c  1s important t o  empha- 
a l z e  t h a t  che  c a s e  of  a  ? r o g r m  does  n o t  a n l y  ~ n v o l v e  a  growtn 
I n  "vo1w.e" of t h e  appropriate prob lema t rque ,  ~ u t ,  a r l m a r l l y ,  a  
qualitative change Ln l n t e r l n s t i t u t l o n a l  relations - ( s e e  F l g u r e  
1 ) .  Thus, l n  t h l s  c a s e ,  a  problem of representing a d e q u a t e l y  In  
models and of  shap lng  t h e  node1 sys tem s o  a s  t o  a l l ow  some l n t e l -  
l l g l b l l l t y  f o r ,  and communlcatlon w l t h ,  a l l  t h e  " a c t o r s "  a f f e c t e d  
and /o r  affecting t h e  outcome of t h e  9rogram 1s of u tmost  rmpor- 
t a n c e .  T h l s ,  of c o u r s e ,  L S  first of a l l  concerned  w l t h  t h e  . ~ a l u e  
s l d e  of che problem. 
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For any such  Large-scale  program c a s e  t h e r e  might  be two 
d i s t i n c t ,  d i f f e r i n g  app roaches  t o  model ing ,  b u t  q u i t e  a s  w e l l ,  
i n  c o n n e c t i o n  w i t h  i t ,  t o  g e n e r a l  manage r i a l  d e s i g n  ( s e e  F i g u r e  
2 ) .  
The f i r s t  app roach ,  more s t r i c t  and r i g o r o u s l y  f o r m a l ,  i s  
a t  t h e  same t ime  more n o r . T a t C . ~ e .  I t  s t a r t s  from a  c l e a r  d e f i n -  
i t i o n  of a n  u l t i m a t e  dominating g o a l ,  whe the r  exogenous ly  g i v e n  
o r  de te rmined  i n t e r n a l l y .  T h i s  g o a l  is t h e n  decomposed i n t o  
t a s k s ,  t a k i n g  i n t o  accoun t  i n t e r e s t s  and s c o p e s  of r e s p o n s i b i i i t y  
of i n d i v i d u a l  e l emen t s  w i t h  r e g a r d  t o  t h e  u l t m a t e  g o a l .  ( I n  
c o n d i t i o n s  of  p lanned  economies t h i s  u s u a l l y  means a  breakdown 
i n t o  s e c t o r a l  economies,  inasmuch a s  t h e y  c o n t r i b u t e  t o  t h e  pro-  
gram.)  With r e s o u r c e  l i m i t a t i o n s  s e t ,  t h e  problem f i n a l l y  b o i l s  
down t o  a n  a l l o c a t i o n / a s s i g n m e n t  p rocedure  a c c o r d i n g  t o  t h e  e f -  
f i c i e n c y  of  c o n t r i b u t i o n s .  T h i s  a l l o c a t i o n  nay be based  upon 
l o w e r - l e v e l  o p t i m i z a t i o n ,  a iming  a t  maximiza t ion  of  some k i n d  
of e l e m e n t ' s  own b e n e f i t ,  p r e s e r v i n g  c o n s i s t e n c y  w i t h  t h e  u l t i -  
mate p rog ram ' s  g o a l  ( f o r  example,  ninimum of c o s t s  a t t a i n e d  a t  
one l e v e l  of  o p t i m i z a t i o n  coup led  w i t h  maximum of  b e n e f i t s  sough t  
a f t e r  a t  t h e  o t h e r  l e v e l ) .  (See  F i g u r e  3 f o r  t h e  p l a n n i n g  pro-  
c e s s  p r o c e d u r e . )  
Another  way of app roach ing  t h e  problems r e l a t e d  t o  l a r g e -  
s c a l e  programs c o n s i s t s  i n  a d m i t t i n g  t h e  n u i t i p u r ? o s e  n a t u r e  of  
such  l a r g e  u n d e r t a k i n g s  w i t h  r e g a r d  t o  t h e  v a r i e t y  of i n s t i t u -  
t i o n s  and g roups  p a r t i c i p a t i n g ,  and  t h e  complex i ty  of t h e i r  
i a t e r r e l a t i o n s .  Assuming c e r t a i n  g e n e r a l  f o r m u l a t i o n  o f  t h e  pro- 
g r a m ' s  q o a l ( s )  t h e  approach  t r e a t s  i n  a  more l o o s e  manner i t s  
q u a n t i f i a b l e  achievement  v i a  t h e  u se  of  q u a n t i f i a b l e  i n s t r u m e n t  
and e l emen t  performance.  The s o d e l s  h e r e  a r e  n o t  s e e n  a s  norma- 
t i v e  p l a n n i n g  d e v i c e s ,  d e f i n i n g  d e t a i l s  of t r a j e c t o r y  t o  be 501- 
lowed,  b u t  r a t i o n a l l z i n g ,  a i d i n g  c o o l s  f o r  i n d i v i d u a l  p a r t l c i -  
p a n t s ,  h e l p i n g  i n  mutua l  u n d e r s t a n d i n g  and c o o r d i n a t i o n ,  and t h u s  
promoting i n t e g r a t i o n  i n  t h e  achievement  of t h e  g e n e r a l  g o a l .  
C e r t a i n l y ,  t h e s e  two approaches  do co r r e spond  t o  d i f f e r i n g  
s o c ~ o e c o n o m i c  c o n d i t i o n s  and have d i f f e r i n g  modeling i i n p l i c a t i o n s .  
The f i r s t  approach  can  f a r  b e t t e r  be a p p l i e d  i n  a  s i t u a t i o n  
x h e r e  f u l l e r  c o n t r o l  is  e x e r t e d  o v e r  t h e  o p e r a t i o n s  of e l emen t s  
( e . g . ,  p lanned  e c o n o m i e s ) ,  where i n s t i t u t i o n a l  r e l a t i o n s  a r e  w e l l  
d e f i n e d  i n  t h e i r  c o n t e n t s ,  p r i o r i t i e s  and hierarchies, w i t h  
un ique ly  d e f i n e d  r e s p o n s i b i l i t y  and power s copes  w i t h l n  t h e  s an -  
ag ing  sys tem.  On t h e  o t h e r  hand,  such  an  approach  i s  more e a s i l y  
implementable  f o r  programs t h a t  a r e  be ing  f o s t e r e d  i n  l e s s  dense  
and complex socioeconomic s e t t i n g s  ( e . g . ,  f r o n t i e r  d e v e l o p m e n t ) ,  
a l l o w i n g  a n  omis s ion  o r  an ea sy  e n d o g e n i z a t i o n  and q u a n t i f i c a t i o n  
of c o s t s  and d i f f i c u l t i e s  r e l a t e d  t o  changes  i n t r o d u c e d  ( i n t e r -  
a c t i v i t y ,  interinstitutional). Such i s  t h s  c a s e ,  f o r  i n s t a n c e ,  
w i t h  t h e  newly e s t a b l i s h e d  i n d u s t r i a l  complexes i n  t h e  S i b e r i a n  
Dar t  o f  t h e  S o v i e t  Union. 
C,onsequently,  t h e  second approach  f i t s  b e t t e r  t h e  ill- 
s t r u c t u r e d  power and c a p a c i t ; ~  s i t u a t i o n s  ( f o r  example,  w i t h  t h e  
9roblem a r e a  of  t h e  program encompassing s e v e r a l  i n s t i t u t i o n a l  
s copes  of r e s p o n s i b i l i t y ) .  I n  f a c t ,  inasmuch a s  t h e  l a r g e - s c a l e  
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programs do by t h e i r  very n a t u r e  involve  over lapping of i n t e r -  
e s t s  of many i n s t i t u t i o n a l  subsystems,  t h i s  q u a l i f i c a t i o n ,  a l -  
b e l t  i n  varying degree ,  a p p l i e s  t o  a l l  of them, c a l l i n g  f o r  
i n c l u s i o n  of t h e  second approach e lements .  Furthermore,  t h i s  
approach should  r a t h e r  be taken when d e a l i n g  wi th  we l l  developed 
socioeconomic systems of h igh-densi ty  i n t e r a c t i o n s ,  m u l t i p l e  
values  and po lyva len t  use of r e s o u r c e s .  
Impl ica t ions  f o r  modeling r e s u l t i n g  f r o n  t h e  two approaches 
and t h e  types  of s i t u a t i o n s  a t t r i b u t a b i e  t o  them comprise n o t  
only ( o r  even n o t  very much) t h e i r  methodological  c o n t e n t s ,  s o  
much a s  t h e i r  more g e n e r a l  f e a t u r e s :  way of problem fo rmula t ion ,  
s t r u c t u r e  of model system, r o l e  played i n  t h e  p lanning p rocess  
( s e e  Figure  2b f o r  an ideograph) .  
In  t h e  case  of  t h e  f i r s t  approach a more formal ized t r e a t -  
ment of t h e  problem i s  presupposed. U l t i m a t e l y ,  t h e  whole of 
t h e  t a s k  performed by t h e  corresponding model o r  model system 
can be regarded a s  t h e  p r o g r a m ' s  p l a n  o p t i m i z a t i o n .  I f  decom- 
posed and h i e r a r c h i c a l l y  organized,  s t r l c t  cons i s t ency  of g o a l  
f u n c t i o n s  must be ensured.  There would be an  a  p r i o r i  coordin- 
a t i o n ,  o r  coord ina t ion  procedure f o r  s o l u t i o n s  and parameters  
exchanged among t h e  subtasks-submodels. I f  s o ,  t h e  r e s u l t s  must 
be regarded a s  b inding and t o  have e x p l i c i t l y  nonnat ive  charac- 
t e r .  They a r e  the  "opt imal"  o v e r a l l  program p l a n s  and p l a n s  of 
program elements ( i n d i v i d u a l  a c t i v i t i e s ) .  A s  such they  should 
be followed i n  t h e  same degree  by a l l  t h e  2rogram c o n t r i b u t o r s .  
Relaxat ion of t h i s  requirement is hard t o  handle  and may invo lve  
e s s e n t i a l l y  a d i v e r s i o n  from o p t i m a l i t y .  
Models developed w i t h i n  t h e  second approach may no t  u l t i -  
mately c o n s t i t u t e  an opt imizing system. The i r  normativeness w i l l  
go j u s t  a s  f a r  a s  t h e  s p e c i f i c  c o n d i t i o n s  a l l c w ,  and may even 
have a mere s i m u l a t i v e ,  d e s c r i p t i v e  c h a r a c t e r .  These inodels 
would form a c a r r i e r  f o r  a u t u a l  u n d e r s s a n a < n g  and i n ~ e g r a z t o n  
through apprehension and r a t i o n a l i z a t i o n  of p o s i t i o n s  ~ i a  6 v i s  
t h e  p o t e n t i a l l y  common g o a l  [ 4 ] .  They w i l l ,  i n  o t h e r  words, n o t  
s e r v e  d i r e c t l y  a s  development-plan-defining ins t ruments  but  w i l l  
r a t h e r  h e l p  i n  a l l e v i a t i n g  development d i f f i c u l t i e s .  To a l low 
t h e  c a r r y i n g  o u t  of such f u n c t i o n s  t h e  models must r e f l e c t  wi th  
high accuracy both  t h e  socioeconomic and t h e  i n s t 3 t u t i o n a l  s i t u -  
a t i o n  of t h e  u s e r ,  and t h e i r  s e t  must form a manifold of s u f f i c -  
i e n t  dimensions ( t h e r e  n u s t  be c e r t a i n  model redundancy c r e a t e d  
by t h e  i n t r o d u c t i o n  of maximal a v a i l a b l e  v a r i e t y  of r e l e v a n t  
models) from which s p e c i f i c  a p p l i c a t i o n  c o n d i t i o n s  could  be re- 
c o n s t r u c t e d  [ 5 ,  61 . 
3 .  INTEGRATED XEGIONAL DEVELOPNENT PROGRILYS 
Regional development programs, e s p e c i a l l y  those  aiming a t  
i n t e g r a t i v e  s o c i c ~ c o n o m i c  growth, may be seen t o  c o n s t i t u t e  a 
very s p e c i a l  c a s e  of t h e  l a r g e - s c a l e  programs. I t  i s ,  however, 
more p roper  t o  regard  them a s  forming a s p e c i a l ,  s e p a r a t e  type  
of Srogram. This i s  so  ? r i m a r i l y  because t h e s e  Srograms toucn 
upon a l l  t h e  k inds  of human needs and a c t i o n s ,  t h e i r  f u l f i l l m e n t  
and o r g a n i z a t i o n .  
In adap t lng  any s o r t  of approach t o  purposes of i n t e g r a t e d  
r e g i o n a l  development ( I R D )  programs and i n  dev i s rng  t h e  r o l e  f o r  
models wi th in  t h e  i n t e r i n s t i t u t i o n a l  managing system t h i s  spe- 
c i a l  c h a r a c t e r  of t h e  IRD programs has  t o  be t aken  i n t o  account .  
Admitting t h a t ,  a s  pointed o u t  i n  t h e  f i n a l  remarks of t h e  a re -  
v i o u s  s e c t i o n ,  application c o n d i t i o n s  a r e  t o  a  l a r g e  e x t e n t  s e t  
by t h e  s p e c i f i c  f e a t u r e s  of t h e  p a r t i c u l a r  c a s e ,  some g e n e r a l  
arguments can be voiced f o r  t h e  IRD programs' model a p p i l c a b i l i t y  
and r o l e .  
3 . 1 .  S t r u c t u r e s  and Appl ica t ion  Condi t ions:  The F i r s t  Approach 
Zefe r r ing  t o  t h e  f i r s t  type of approach c h a r a c t e r i z e d  i n  
t h e  preceding s e c t i o n  we s h a l l  illustrate it with  t h e  approach 
t h a t  was p resen ted  i n  [ 7 ]  and t h e n ,  f o r  a  more s p e c l f i c  c a s e ,  [ a ] .  This  s t r u c t u r e  ( s e e  Tigure  q )  i s  proposed a s  a  s o r t  of a  
s t a r t i n g  p o i n t  i n  elaboration of a  more d e t a i l e d ,  comprehensive 
model system. A s  can be e a s i l y  s e e n ,  working of t h e  s t r u c t u r e  
s t a r t s  wi th  (exogenous) marginal  c o s t s  and p r i c e s  r e l a t e d  f i r s t  
of a l l  t o  r e sources  and products  de f ined  a t  t h e  l e v e l  of n a t i o n a l  
economy. These, coupled wi th  r e g i o n a l  c o n d i t i o n s  of development 
of va r ious  a c t i v i t i e s  ( s e c t o r s )  and wi th  a  g iven  l i m i t e d  n a t i o n a l  
investment c a p i t a l ,  y i e l d  optimum d i r e c t i o n s  of r eg ion  s p e c i a l ' -  
< z a t i o n  ( l e v e l  I ) .  Once s p e c i a l i z a t i o n  is d e f i n e d ,  l n t r a r e g i o n a l  
l o c a t i o n  problems can be solved f o r  a l l  b a s i c  a c t i v i t i e s  ( l e v e l  
11). Determination of growth and l o c a t i o n  parameters  have t o  be 
c l o s e l y  r e l a t e d  t o  demographic and consumption-and-expenditure 
c o n s i d e r a t i o n s  ( l e v e l  111). F i n a l l y ,  t h e  shage and s t r u c t u r e  of 
t h e  s e t t l e m e n t  and s e r v i c e  system and t h e  environmental  c o n d i t i o n s  
can be e s t a b l i s h e d  ( l e v e l  I V ) .  
The whole s t r u c t u r e  i s  assumed t o  be i t e r a t i v e l y  working and 
converging towards some u l t i m a t e  o v e r a l l  s o l u t i o n .  Thus, t h e  
s t r u c t u r e  is t o  conform wi th  t h e  l e f t -hand  s i d e  of Figure  2b. 
For t h e  trme being many f u n c t i o n s ,  e s p e c i a l l y  of feedback and 
c o o r d i n a t i o n  c h a r a c t e r ,  have t o  be performed " o u t s i d e "  t h e  s t r u c -  
t u r e ,  wi th  no computerized back-up. In  p r i n c i p l e ,  however, a l l  
t h e s e  could be formal ized and computat ional ly  implemented. From 
t h e  s t r u c t u r e  i t s e l f ,  and from t h e  above comments a s  we l l  a s  from 
t h e  blow-up of a  module composed of four  submodels, shown i n  
' igure 5 ,  t h e  envisaged way of app ly ing  r e s u l t s  of t h e  modeis 
comprised i n  t h e  s t r u c t u r e  can e a s i l y  be seen.  
The rationale behind t h l s  s t r u c t u r e  1 s  based upon a s s m p -  
t l o n s  o f :  
- n a t i o n a l  s i g n i f i c a n c e  of r e g i o n a l  program 
- high degree  of openness of t h e  region 
- r e l i a n c e  on n a t l o n a l  p r o v i s i o n  f o r  n a t e r i a l  and 
f i n a n c i a l  r e sources  
- nigh c a p a c i t y  of p lanning intervention 
- n e c e s s i t y  of formulation of c l e a r - c u t  p o l i c i e s  f o r  
use i n  a  we l l  s t r u c t u r e d  nanaging system 
- e s t a b l i s h e d  r e l a t i o n s  i n  s c a l e  and agglomeration 
economies. 
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When one speaks of l a r g e - s c a l e  IRD 2rograms ( f o r  i n s t a n c e ,  
those  t h a t  concern n a t i o n a l l y  o r  i n t e r n a t i o n a l l y  important  r e -  
j i o n s  i n  t h e i r  o v e r a l l  development) then i t  is obvious t h a t  t h e  
f i r s t  and ?resumably a l s o  t h e  second and t h e  t h i r d  of t h e  assump- 
t i o n s  l i s t e d  do ho ld ,  and t h a t  t h e r e f o r e  t h e  model sys tem ' s  f ea -  
t u r e s  r e s u l t i n g  from t h e s e  c o n d i t i o n s  have t o  be in t roduced .  On 
t h e  o t h e r  hand, however, t h e  o t h e r  ch ree  assumptions need n c t  be 
s a t i s f i e d  i n  many c a s e s ,  no t  only i n  market economies (where in-  
s t ruments  of i n t e r v e n t i o n  a r e  miss ing f o r  t h e  most p a r t ) ,  b u t  
a l s o  i n  planned economies (where s e c t o r a l  ? lanning and managemenc 
have p reva i l ed  and s t i l l  r e q u i r e  an  important  e f f o r t  i n  coordina-  
t i o n  on t h e  t e r r i t o r i a l  o r  r e g i o n a l  b a s i s ) ,  e s p e c i a l l y  i f  t h e  
program's geograph ica l  t e r r i t o r y  and economlc reach i s  n o t  w e l l  
d e l i n e a t e d  o r  over laps  wi th  e x i s t i n g  administrative and c a p a c i t y  
d e l i m i t a t i o n s  over  a  h igh ly  developed region.  I n  such i n s t a n c e s ,  
one is  d e a l i n g  wi th  an i n t r i c a t e l y  intemroven mesh of r e spons i -  
b i l i t i e s  and i n t e r e s t s ,  no t  on ly  i n  t h e  o b j e c t  system i t s e l f ,  
but  a l s o  i n  its managing c o u n t e r p a r t .  Cons t ruc t ion  of  c l e a r - c c t  
normative models may be q u i t e  s e v e r e l y  i n h i b i t e d  by d i f f i c u l t i e s  
i n ,  f o r  example, c o s t  e s t i m a t i o n .  Furthermore,  f o r  a  b i g g e r ,  
composite and h igh ly  developed r e g i o n ,  assumptions two and t h r e e  
may hold  t o  a  l e s s e r  d e g r e e ,  n e c e s s i t a t i n g  endogenizat ion of ap- 
p r o p r i a t e  v a r i a b l e s .  
Thus, whi le  it seems unavoidable t o  proceed i n  t h e  d i r e c t i o n  
of c o n s i s t e n t ,  normative modeling s t r u c t u r e s  ( s e e  a l s o  [9]), 
which would y i e l d  r e s u l t s  i n d i c a t i n g  opt imal  d i rec t i .ons  of growth 
and t h e i r  cond i t ion ing  ( s e n s i t i v i t y ,  r o b u s t n e s s ,  e t c . )  , f o r  many 
p r a c t i c a l  c a s e s  deployment of such ready-made s t r u c t u r e s  w i l l  en- 
coun te r  important  d i f f i c u l t i e s .  A good exaiiple f o r  a  s i t u a t i o n  
where such an approach c a n b e  f u l l y  a p p l i e d  i s  2rovided by t h e  
Bulgarian S i l i s t r a  c a s e  s tudy ,  now underway w i t h i n  t h e  I R D  a c t i v -  
i t i e s  a t  IIASA [ l o ,  111, and,  somewhat l e s s  e v i d e n t l y ,  by t h e  
P o l i s h  Upper Notec case  s tudy [ 12, 1 31 . Where a  l i m i t  f o r  ex- 
p l i c i t  a p p l i c a t i o n  can be s e t  i s  a  mat te r  of d e b a t e ;  it i s  how2 
e v e r ,  beyond any doubt t h a t  wi th  improved modeling and s o f t w a r e  
t echn iques ,  t h e  a p p l i c a t i o n  scope of t h e  f i r s t  approach i s  ex- 
panding,  a l though conf ined t o  those  r i g o r o u s l y  forrnal izable  
op t ima t ion  problems. 
3.2. S t r u c t u r e s  and Appl ica t ion  Condi t ions:  The Second Approach 
Thus, a c t u a l  c o n d i t i o n s  do n o t  always correspond t o  t h o s e  
Lest  f i t t e d  t o  t h e  f i r s t  approach. Besrdes t h e  c a s e  of changing 
c o n d i t i o n s  t h e r e  may a l s o  be some more g e n e r a l  arguments t o  be 
r a i s e d  i n  f avor  of  t h e  second type of approach. F i r s t ,  it i s  
c f t e n  s a i d  t h a t  t h e r e  i s  a  lack of we l l  5eFined r e g i o n a l  economic 
growth t h e o r y t h a t  would e f f e c t i v e l y  l l i lk  major components (de- 
nography, r e source  and c a p l t a l  s t r n c t n r e ,  e t c . )  t o  i n d l c a t e  con- 
d i t i o n s  and p o t e n t i a l  d i z e c t ~ o n s  of development. I n  f a c t ,  t h e  
f i r s t  approach presented omlts th i s -apparen t -d i f f i cu l ty  by 
attacking t h e  2roblem v i a  aba lanc ing /accoun t ing  framework, t h e  
r e l a t i v e  e f f i c i e n c y  of va r ious  a c t i v i t i e s  i n  v a r i o u s  l o c a t i o n s  
wi th  regard  t o  r esources  assumed t o  be known. Such a n  assumption 
is  of course  a  f a r - reach ing  one,  and i t s  s a t i s f a c t i o n  i s  in-  
c r e a s i n g l y  hindered by t h e  expioding scope of systems involved.  
Progress ing  c o n c e n t r a t i o n ,  s h i f t  f r o m m u l t i l o c a t i o n a l  t o  multi- 
n a t i o n a l  economies ( s u p r a n a t i o n a l  c o r p o r a t i o n s ,  international 
s p e c i a l i . z a t i o n  and c o o p e r a t i o n ) ,  from t h e  domination of i n t e r -  
r e g i o n a l  t o  i n t e r n a t i o n a l  t r a d e  r e l a t i o n s ,  a l l  t h e s e  phenomena 
n e c e s s i t a t e  c o n s i d e r a t i o n  o f .  a  slrstem e x t e r n a l  t o  t h e  r e g i o n a l  
one wi th  q u i t e  a  hiqh degree  of accuracy ,  and c o n s i d e r a t i o n  of 
a  broader  s e t  of  v a l u e s .  Thus, t h e  sys tem,  which seemed 50 be 
f a i r l y  c l o s e d  and c o n s t a n t ,  and vaiue-wise homogeneous may t u r n  
o u t  t o  be h igh ly  s e n s i t i v e  both t o  i n t e r n a l  c o n t r o l s  and t o  ex- 
t e r n a l  c o n d i t i o n s .  
Another argument i n  favor  of t h e  l e s s - r i g i d  in te rmode l  
l i n k a g e  methodologies based upon t h e  r e c o g n i t i o n  of t h e  e x i s t e n c e  
of a  number of w e l l  developed models s u f f i c i e n t l y  adequa te ly  
r e f l e c t i n g  p o r t i o n s  ofsocioaconomic  r e a l i t y ,  which however, may 
no t  a s  y e t  be i n t e g r a b l e  wi th  o t h e r s  ( f o r  example, wi th  r ega rd  
t o  i l l u s t r a t i o n  of F igure  5 ,  t h o s e  r e l a t e d  t o  denumetr ic  approach 
Willekens and Rogers 1 9 7 7 ) .  
3 . 3 .  Some Economic and I n s t i t u t i o n a l  I s s u e s  
Hence, of  t h e  assumptions p rev ious ly  l i s t e d  many a r e  essen-  
t i a l l y  dependent upon a  s p e c i f i c  s i t u a t i o n .  Th i s  e s p e c i a l l y  ap- 
? l i e s  t o  i n t e r i n s t i t u t i o n a l  i s s u e s .  In-many c a s e s  t h e  r e g i o n a l  
system a f f e c t e d  by t h e  program i s  by no means uniquely  d e f i n e d ,  
and even i f  s o ,  it may not  correspond t o  any a d m i n i s t r a t i v e  u n i t  
v e s t e d  wi th  sone d e f i n i t e  2owers. A t a s k  f o r  i t s e l f  t h e r e f o r e  
emerges of de termining t h e  program's  a r e a ,  both  i n  economlc and 
i n  geograph ica l  spaces ,  and/or of de te rmin ing  t h e  a p p r o p r i a t e  
manager ia l  changes.  I n  t h e  f i r s t  approach t h i s  would t a k e  on a  
normative form of " o p t i ~ a l  s o l u t i o n s , "  i f  i n  r e a l i t y  such so lu -  
t i o n s  were f e a s i b l e  (which f o r  t h e  most p a r t  they a r e  n o t ) .  In  
t h e  o t h e r  approach mentioned,  t h e  i n t e r i n s t i t u t i o n a l  o r  i n t e r -  
p a r t i c i 2 a n t  dimension i s  t h e  c r u c i a l  p o i n t .  Not because an a t -  
tempt is t o  be made a t  e x p l i c i t  s o l u t i o n  b u t  because it i s  con- 
s i d e r e d  t h a t  t h e  major complexi ty-genera t ing  a s p e c t  of t h e  ?rob- 
lem which may render  it formal ly  i n t r a c t a b l e ,  may a t  t h e  same 
t ime be t h e  r e a l  s o l u t i o n  forum. Hence, such q u e s t i o n s  a s  pro- 
gram a r e a  d e f i n i t i o n ,  c o o r d i n a t i o n  e t c . ,  a r e  responded t o  in -  
? l i c i t l y  by providing t o o l s  of r a t i o n a l i z a t i o n  f o r  ~ a r t i c i ~ a n t s  
of t h e  F rocess ,  who, us ing models, may f i n a l l y  communicate and 
c r e a t e  c o n d i t i o n s  f o r  agreement ove r  s p e c i f i c  i s s u e s  (even i f  
t h i s  agreement might no t  be c l a s s i f i e d  " o p t i n a l "  from an z 
. . ?r:or?. s t a n d p o i n t ) .  Furthermore,  t h i s  approach would n o t  y i e l d  
s p e c i f i c a t i o n  of d e s i r e d  changes i n  t h e  s t r u c t u r e  of  t h e  sanag- 
ing  system, b u t  would, through c r e a t i o n  of a  n u l t i f a c e t e d  nodel  
sys tem,  c o n s t i t u t e  i t s e l f  a  " s u b s t i t u t e N  f o r  q o c i a l l y  expensive  
a d m i n i s t r a t i v e  r e s t r u c t u r a t i o n s .  I n  o r d e r  t o  anyhow e f f e c t i v e l y  
c o n s t i t u t e  such a  quas i  s u b s t i t u t e ,  i . ~ . ,  t o p e r f o r n  r a t i o n a l i z -  
i n g ,  ~ n f o r m a t i v e  and communicative functions, t h i s  approach has 
t o  i n c l u d e  redundancy and be adequa te ly  sof tware-  and hardware- 
Sacked. The grgware w i l l ,  h o p e f u l l y ,  fo l low.  This  i s  of s p e c i a l  
importance s i n c e  coord inac ion  whoiiy a t  t h e  l o c a l  l e v e l ,  seldom 
~ l m e d  a t ,  i s  p r a c t i c a l i y  u n a t t a i n a b l e .  
I t  i s  g e n e r a l l y  p o s t u l a t e d  t h a t  t h e  growth t r a j e c t o r y  gen- 
e r a t e d  should be i n  some sense  "harmonious." The f i r s t  approach 
does s a t i s f y  t h i s  requirement v i a  maximum ( c o n s i s t e n t  w i t h  o p t i -  
mal) deployment of l o c a l  r e sources  and a c t i v i t i e s  and v i a  break- 
down of g o a l s  i n t o  subgoals  and t a s k s  i n  conformity  wi th  gre-  
determined norms and s t andard  r e l a t i o n s  on s c c i a i  and env:ron- 
mental a s p e c t s  of development. Th i s  a s s u r e s  t h a t  =he dominative 
growth is  l e a s t  usab le  and most e f f i c i e n t .  When m u l t i p l i c i t y  
of va lues  and u n r e l i a b i l i t y  of e f f i c i e n c y  parameters  i s  adrnicted, 
t h i s  dominative growth may by its very  n a t u r e  be considered in-  
c o n s i s t e n t  wi th  t h e  one c a l l e d  harmonious. Whether c o n s i s t e n c y  
assumptions can i n  s p e c i f i c  c a s e s  be made should be always ca re -  
f u l l y  i n v e s t i g a t e d .  
Thus, a  " loose"  concept of t h e  r o l e  of models a l s o  has  i t s  
f e a s i b i l i t y  r a t i o n a l e .  This  r a t i o n a l e  is  i l l u s t r a t e d  i n  F igure  
6 ,  according t o  redundant model system c r e a t i o n  i d e a s  p resen ted  
i n  [ 6 ] .  The system would be an informat ion c a r r i e r  f o r  develop- 
mental i n t e g r a t i o n .  I t  w i l l  s e r v e  each p a r t i c i p a n t  t o  e l u c i d a t e  
g o a l s ,  a l t e r n a t i v e s  t o  h i s  own behav io r ,  t h e  p o t e n t i a l  p o s i t i o n  
of  o t h e r s ,  and t h e  cooperat ion ga ins .  F igure  7 p r e s e n t s  t h o s e  
p rocesses  t h a t  should be i n t e r n a l i z e d  i n  t h e  model system f o r  it 
t o  be capab le  of performing t h e  above f u n c t i o n s .  This  s e t  of 
f u n c t i o n s  c o u l d ,  f o r  example, be c a r r i e d  o u t  wi th  t n e  h e l p  of a  
s e t  of models c l a s s i f i e d  i n  Figure  8 ( c l a s s i f i c a t i o n  pu t  t o g e t h e r  
f o r  t h e  two c a s e s  of r e g i o n a l  development under takings  s t u d i e d  
a t  IIASA-the Tennessee Val ley  Author i ty ,  USA, and t h e  Bratsk- 
I l imsk T e r r i t o r i a l  Production Complex, USSR, w i t h  t h e i r  d i f f e r -  
ing  approaches t o  nodel ing and model use  a s  c o r r e l a t e d  wi th  t h e  
socioeconomic c o n d i t i o n s  and management p r e c e p t s ) .  
4 .  APPLICATION TO THE K I N K 1  REGION 
Having, a l b e i t  somewhat s h o r t l y ,  p resen ted  d i s t i n c t i v e  fea-  
t u r e s  of t h e  two p o s s i b l e  approaches t o  modeling and the reby  
a l s o  t h e  concep t s  of r o l e s  t o  be played by models i n  i n t e g r a t e d  
r e g i o n a l  development p lann ing ,  l e t  us  g i v e  i n s i g h t  i n t o  c o n d i t i o n s  
which, f o r  a  g iven r e g l o n a l  development program c a s e ,  d e f i n e  ap- 
p l i c a b l l i t y  of t h e  two approaches/concepts.  
When one looks  a t  t h e  spectrum of modeling represen ted  with- 
i n  t h e  p r o j e c t  team l e d  by Professor  Y .  Swaragi,  one can e a s i l y  
s e e  t h a t  e lements  of both  approaches '  concepts  a r e  comprised 
t h e r e .  
The l a r g e s t  s i n g l e  model under taken,  r e f e r r e d  t o  a s  IRDPM, 
has an obviously  normative c h a r a c t e r  and i s  based upon program- 
ming p r e c e p t s .  I t  has a  h i e r a r c h i c a l  s t r u c t u r e  ( long-term 
n a t i o n a l  growth,  a l l o c a t i o n  and r e g i o n a l  development) and is ul -  
t i m a t e l y  decomposable i n t o  submodels o r i e n t e d  t o  i n d i v i d u a l  ac- 
t i v i t i e s  ( energy ,  l and  use ,  environment,  e t c . ) .  Thus, i t  fo l lows 
t h e  f i r s t  l i n e  of thought p resen ted  here  and,  cons ide r ing  its 
importance w i t h i n  t h e  modeling p r o j e c t ,  has c e r t a i n l y  nonneglig- 
i b l e  i n f l u e n c e  upon t h e  way of t h i n k i n g  dominating t h e  p r o j e c t .  
I n  g e n e r a l ,  however, i n  view of t h e  v a r i e t y  of paradigms and 
methodologies,  and of ways i n  which problems a r e  conceived,  it 
Tarticipants: institutions, groups, . 
I 
! 
I 1 --- 
I THE XODEL SYSTEM 
pi : projections, optimal solutions 
I 
: model system areas activated by requests 
Attention: no consistency needs to be assumed of ?i ( S j  ) , 
i P j, wlth \(Si) . 
Figure 6. Illustration for f unctlonaag of the second approach. 


can be i n f e r r e d  t h a t  the  o v e r a l l  p i c t u r e  t h i s  Kinki modeling 
p r o j e c t  p r e s e n t s  is neare r  t o  t h e  second approach/concept ?re-  
sen ted .  In  t h e  r e s t  of t h i s  s e c t i o n  we s h a l l  b r i e f l y  overview 
p o t e n t i a l  j u s t i f i c a t i o n  f o r  ( o r  c o u n t e r - i n d i c a t i o n s  t o )  adop t ion  
of t h i s  l i n e  of modeling i n  t h e  c a s e  of t h e  Kinki problematique 
and i n s t i t u t i o n a l  s i t u a t i o n .  
Let us  come back again  t o  t h e  s l x  assumptions p rev ious ly  
l i s t e d  a s  being important  f o r  t h e  de te rmina t ion  of an approach 
adequate  t o  a  given s i t u a t i o n :  
- The f i r s t  assumption,  seemingly a ; ' o r t i o r i  s a t i s f i e d ,  
should  be i n  t h i s  p a r t i c u l a r  c a s e ,  i f  admit ted  a t  a l l ,  
complemented wi th  a  p r o v i s i o n  f o r  p reva lence  of Kanto 
and l a t e n t  economies of i t s  h i n t e r l a n d s ,  s o  t h a t  Kinki 
might end up a s  a  t e r t i a r y  a c t i v i t y  and " s p e c i a l  
c a r e "  a r e a  r a t h e r  than a  growth po le .  
- The second assumption a p p l i e s  i n  t h e  c a s e  of Kinki t o  
(mainly i n t e r n a t i o n a l )  s p e c i a l i z a t i o n ,  s i n c e  a l l  pos- 
s i b l e  r eg iona l - type  a c t i v i t i e s  a r e  l a r g e l y  c losed  
w i t h i n  t h i s  a r e a ;  s p e c i a l i z a t i o n  i s  s u b j e c t  t o  forced 
r a p i d  s h i f t s ,  n o t  ( o r  t o  a  l e s s e r  d e g r e e )  by t h e  in -  
t e r n a l  Japanese economic s i t u a t i o n ,  s o  much a s  by 
changes i n  t h e  i n t e r n a t i o n a l  t r a d e  c o n d i t i o n s .  
- The p r e f e c t u r a l  governments w i t h i n  t h e  Kinki r e g i o n  
d o ,  i n  some c a s e s  h e a v i l y ,  r e l y  on n a t i o n a l  f i n a n c i n g  
and supply;  major p r o j e c t s ,  l i k e  Ransai I n t e r n a t i o n a l  
A i r p o r t ,  w i l l  have t o  be mainly n a t i o n a l l y  funded; it 
i s ,  however, by no s e a n s  obvious  t h a t  t h i s  i s  a  s i n e  
q u a  non c o n d i t i o n  f o r  i n t e g r a t e d  Kinki development i n  
a  s i t u a t i o n  of a  w e l l  e s t a b l i s h e d  economy and m u l t i p l e  
l o c a l  i n t e r e s t s  and d r i v e s .  
- The f o u r t h  assumption i s  i n a p p l i c a b l e  t o  Japan a s  a  
whole, and t o  Kinki i n  p a r t i c u l a r ;  t h e  n a t i o n a l  p l a n s  
have u n t i l  now been t r e a t e d  not  i n  any way normat ive ,  
but  i n d i c a t i v e ,  i . e . ,  coupled wi th  government expen- 
d i t u r e s  and i n d i r e c t  i n f l u e n c i n g  of bus iness ;  t h e  
same ho lds  f o r  p r e f e c t u r e s ,  w i t h ,  a d d i t i o n a l l y ,  l e s s  
r e sources  i n  t h e  hands of p r e f e c t u r a l  governments and 
more l i k e l y  l e s s  coopera t ion  wi th  nonlocal  bus inesses ;  
on t h e  top  of t h a t  Kinki is  a  f u z z i l y  de f ined  amalga- 
mate of s e v e r a l  p r e f e c t u r e s ,  wi th  no a d m i n i s t r a t i v e  
power bu t  r a t h e r  t r a d i t i o n a l  s t a t i s t i c a l ,  and long- 
term planning s i g n i f i c a n c e .  
- A s  mentioned above t h e r e  cannot  be any w e l l  s t r u c t u r e d  
nanaging system f o r  Kinki ,  u n l e s s  important  changes 
a r e  made i n  t h e  a d m i n i s t r a t i v e  mechanism of Japan;  
t h e r e  a r e  some coord ina t ing  bodies devoted t o  narrowly 
s p e c i f i e d  s e c t o r a l  q u e s t i o n s  and a l s o  r e g i o n a l  (Kink i )  
bureaus of some m i n i s t r i e s  (MOC, NOT, NITI ) ,  bu t  t h e s e  
a r e  n o t  ves ted  wi th  po l i cy  f u n c t i o n s  nor  wi th  broader  
managementprerogatives;  t h i s  i s  very  c l o s e l y  r e l a t e d  
t o  t h e  f a c t  t h a t  t h e  goal  s t r u c t u r e  i s  hard t o  iden- 
t i f y ,  a l though it  can be i n  g e n e r a l  s a i d  t h a t  t h e  
o b j e c t i v e s  p e r t a i n  t o  harmonious and j u s t  development 
and u t i l i z a t i o n  of environmental  r e s o u r c e s ,  such a s  
wa te r ,  l a n d ,  and a i r ,  but  t o  human resources  a s  w e l l .  
- The very n a t u r e  of t h e  problbmatique,  a s  s t a t e d ,  re- 
l a t e d  t o  environmental  r esources  i n  a  very  densely  
populated and highly  product ive  a r e a  makes t h e  s c a l e  
and agglomeration of economies a  c r u c i a l ,  and a t  t h e  
same t ime,  very  i n t r i c a t e  ques t ion  i n  i t s e l f .  
For a  more d e t a i l e d  a n a l y s i s  of some of t h e  above i s s u e s  s e e  S .  
Ikeda,  J . W .  Owsinski, and D . V .  W i n t e r f e l d t ,  Planning,  i lodel ing,  
and Environmental Decision-Making-Case Study of t h e  Kinki 3e- 
g ion i n  Japan ( t h i s  volume) . 
These c o n s i d e r a t i o n s  po in t  o u t  t h a t  t h e r e  may be some 
r a t i o n a l e  of assignment t o  models i n  Kinki t h e  r o l e s  t h a t  a r e  
proposed by t h e  second approach, even i f  some a s p e c t s  of t h e  
s i t u a t i o n  ( f o r  example, t h e  opt imal  resource  u t i l i z a t i o n  problem) 
i n d i c a t e  use fu lness  of t h e  more s t r i c t  formulat ion ( f o r  an ex- 
ample of t h e  p o t e n t i a l  model s t r u c t u r e  incorpora t ing  elements 
of both approaches a p p l i c a b l e  t o  t h e  Kinki probl&matique,  s e e  
Figure  9. The s t r u c t u r e  is composed of  l e v e l s  corresponding t o  
geographic and a d m i n i s t r a t i v e  reach ,  problem-oriented models, 
and decision-making func t ion-or ien ted  models.)  T h i s ,  a g a i n ,  
al though d e s i r a b l e  from many p o i n t s  of view, r e s u s c i t a t e s  t h e  
problem of va lues  and t h e  i n t e r i n s t i t u t i o n a l  va lue  communication. 
Cons idera t ions  comprised here  c o n s t i t u t e  an ex tens ion  f o r  
understanding t h e  r o l e  of models, a s  s p e c i f i e d  i n  a  s t r a i g h t -  
forward manner a t  t h e  beginning of  t h e  paper.  They t u r n  o u t  t o  
be more than  computat ionaldevices  - s o r t  of magnified s l i d e -  
rules-and t h e i r  encroachment i n t o  p o l i c y  and o p e r a t i o n a l  de- 
c i s i o n  making spheres  is q u i t e  important .  
Thus, two d i s t i n c t  types  of r o l e s  can be played by models 
devised f o r  use i n  i n t e g r a t e d  r e g i o n a l  development. C e r t a i n l y ,  
any model can s imul taneously  play both of t h e s e  r o l e s .  In  most 
c a s e s ,  however, t h e  ques t ion  of choice  a r i s e s ,  r e l a t e d  t o  fea- 
t u r e s  of t h e  s i t u a t i o n  and modeling c a p a c i t i e s .  I t  i s  important  
t h e r e f o r e  t o  adequate ly  a s s e s s  t h e  u l t i m a t e  b e n e f i t  t h e  p a r t i c i -  
pan t s  of t h e  development Srocess  can g e t  from presence and use 
of t h e  models. 
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1 .  INTRODUCTION 
I n t e r e s t  i n  r e g i o n a l  development has grown very  r a p i d l y  i n  
r e c e n t  years-both among " h a r d , "  " s o f t , "  and "org"  s c i e n c e s ,  a s  
w e l l  a s  among d e c i s i o n  makers, p o l i c y  a n a l y s t s ,  and p lanners  
throughout t h e  world. Seeking s o l u t i o n s  t o  problems i n  t h i s  a r e a  
one must t ake  i n t o  account t e c h n a l o g i c a l ,  p o l i t i c a l ,  economic, 
s o c i a l ,  and environmental  f a c t o r s .  Regional  sc ience  and s p a t i a l  
economics, which have had powerful i n f l u e n c e  on t h e  t h e o r e t i c a l ,  
methodological ,  and a n l a y t i c a l  approaches t o  r e g i o n a l  development 
i s s u e s  f o r  many y e a r s ,  seem t o  be too  narrow f o r  f i n d i n g  t h e  com- 
prehensive  and i n t e g r a t i v e  s o i u t i o n s  of r e g i o n a l  problems. Nore 
m u l t i d i s c i p l i n a r y  r e s e a r c h  is t h e r e f o r e  necessa ry .  Because of 
i n t e r n a t i o n a l  i n t e r e s t  i n  t h i s  s u b j e c t ,  t h e  IIASA Management and 
Technology Area launched a s e r i e s  of s t u d i e s  of worldwide l a rge -  
s c a l e  development programs: t h e  Tennessee Val ley  Author i ty  (TVA) 
s tudy  i n  t h e  United S t a t e s  [ I ] ,  t h e  B r a t s k - I l h s k  Territorial 
Product ion Complex (BITPC) i n  t h e  Sov ie t  Union [ 2 ]  , t h e  
Shinkansen Program i n  Japan. The f i r s t  two a r e  l a r g e - s c a l e  re-  
g i o n a l  development programs based on t h e  u t i l i z a t i o n  of water  and 
energy t o  a t t r a c t  i n d u s t r y ;  t h e  t h i r d  c a s e  was one of i a rge - sca le  
i n t e r r e g i o n a l  development programs based on t h e  u t i l i z a t i o n  of a 
new technology t o  d i s t r i b u t e  i n d u s t r y  through t h e  e n t i r e  coun t ry .  
Not a l l  t h e  r e g i o n s  u t i l i z e  t h e i r  r e s o u r c e s i n a n  op t imal  o r  
even s a t i s f a c t o r y  way, s o  t h a t  some programs a r e  needed t o  b e t t e r  
u t i l i z e  human, n a t u r a l ,  and t e c h n o l o g i c a l  r e sources  i n  t h e  re-  
g i o n a l  s e t t i n g  [ s e e  [ 2 ]  o r  [ 3 ,  4 1 ) .  A reg ion ,  r e g a r d l e s s  of i t s  
s i z e ,  i s  a complex socioeconomic system. Understanding t h e  
sociceconomic processes  on t h e  r e g i o n a l  l e v e l  b r i n g s  about a  
b e t t e r  unders tanding of n a t i o n a l  and i n t e r n a t i o n a l  problems. 
Many l ead ing  r e g i o n a l  s c i e n t i s t s  and systems a n a l y s t s ,  such 
a s  P r o f e s s o r s  Aganbegyan ( s e e  [ 51 ) and I s a r d  ( s e e  [ 6 ]  ) , have 
c a l l e d  f o r  t h e  a p p l i c a t i o n  of systems a n a l y s i s  f o r  s o l v i n g  re -  
g i o n a l  problems. 
How can t h e  systems a n a l y s i s  be used f o r  t h e  r e g i o n a l  ae- 
velopment? From t h e  management p o i n t  of view, t h e r e  a r e  a t  l e a s t  
t h r e e  d i r e c t i o n s :  
- What i s  t o  be decided? What a r e  t h e  g o a l s ,  s t r a t e g i e s  
and d e c i s i o n s ?  
- Who dec ides?  What o r g a n i z a t i o n s  a r e  involved? 
- How a r e  t h e  d e c i s i o n s  r a t i o n a l i z e d ?  To what e x t e n t  
can t h e  c a l c u l a t i o n s  and models be used f o r  d e c i s i o n -  
making? 
A l l  reg ions  may be c h a r a c t e r i z e d  by complex situations, i n t e r -  
o r g a n i z a t i o n a l  problems, complex i n t e r r e l a t i o n s ,  e t c .  IIASA was 
i n t e r e s t e d  i n  how d e c i s i o n s  should be r a t i o n a l i z e d ,  how one can 
use c a l c u l a t i o n s ,  models, e t c . ,  f o r  b e t t e r  d e c i s i o n  making i n  
t h e s e  s i t u a t i o n s .  However, t h e  program o r g a n i z a t i o n  and p o l i c y  
formulat ion f o r  r e g i o n a l  development should  a l s o  be a  high- 
p r l o r i t y  s u b j e c t  of systems a n a l y s i s .  
The Kinki I n t e g r a t e d  Regional Development P r o j e c t  launched 
four  yea r s  ago i n  Japan and c a r r i e d  o u t  by a  team of s c i e n t i s t s  
from Kyoto and Osaka U n i v e r s i t i e s  l ed  by P r o f e s s o r  Y .  Sawaragi 
[ 7 1 ,  cou ld  be considered a s  a  preprogram s t a g e  of t h e  f u t u r e  
Program of I n t e g r a t e d  Development of t h e  Kinki r e g i o n ,  and t h e  
methodology developed and t h e  f i n d i n g s  of IIASA c a s e  s t u d i e s  have 
a  h igh a p p l i c a b i l i t y  p o t e n t i a l  f o r  t h i s  c a s e .  Th i s  is p a r t i c u -  
l a r l y  c r u e ,  because t h e  IIASA's l a r g e - s c a l e  development programs 
c a s e  s t u d i e s  i n i t i a t e d  i n t e g r a t e d  r e g i o n a l  development (IRD) a s  
a  new concept .  
2 .  R E G I O N  AS AdOBJECT OF SYSTEMS ANALYSIS 
The i n c r e a s i n g  importance of r e g i o n a l  problem a n a l y s ~ s  re -  
s u l t s  from deve1opmen.t~ i n  product ion means (growth o f  volume 
and speed of pe r fo rmance) ,  t r a n s p o r t a t i o n  and communication, in -  
c r e a s e s  i n  t h e  geographic d e n s i t y  of economic a c t i v i t i e s ,  and 
from t h e  s p e c i a l i z a t i o n  of t h e s e  a c t i v i t i e s ,  a s  w e l l  a s  new per-  
c e p t i o n s  of t h e  development of c o n s t r a i n t s ,  l i m i t s  and impacts.  
That l s ,  it r e s u l t s  from changes i n  t h e  s o c i o ~ c o n o m i c  s y s t e m ' s  
configuration and func t ion ing  i n  i t s  p h y s ~ c a l  s t r u c t u r a l  a s p e c t .  
In F igure  1 a  framework analyzing t h e  r e g i o n a l  problems i s  shown. 
The formal coupl ing of both socicoconomic and geograph ica l  
a s p e c t s  may occur  i n  many formal and h e u r i s t i c  ways ( s e e  [ 8 ,  91 
o r  [ l o ] ) .  The coup l ing ,  however, must occur  between de f ined  
e n t i t i e s .  That  i s ,  t h e  s o c i c ~ c o n o m i c  e n t i t i e s  ( s e c t o r s )  and 
geographical  u n i t s  ( r e g i o n s )  have t o  be de f ined .  I d e a l l y ,  one 
would have an u l t i m a t e  a tomiza t ion  of both spaces  (quas icon t inu-  
i t y )  and on t h e  b a s i s  of such maximal d i s a g g r e g a t i o n  d e f i n e  
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I n f l u e n c e  on a c t u a l  g r o d u c t i o n  p l a n n i n q  sys tem 
The needs  d e f i n e d  a s  b a s i c  economic o n e s  may t e n d  t o  be 
b e t t e r  s a t i s f i e d  t h a n  o t h e r  l e s s  t a n g i b l e  needs .  
Xinus r e f l e c t s  t h e  s t a g e  of  p r o q r e s s i n g  d e t e r l o r a t i o n ;  it 
may t u r n  t o  p l u s  i f  enough production e f f o r t  i s  o r i e n t e d  
t o  env i ronmen ta l  enhancement. 
F i g u r e  1 .  Framework f o r  a n a l y z i n g  r e g i o n a l  problems.  
Source :  [8] . 
e n t i t i e s  t h a t  a r e  opt imal  f o r  c e r t a i n  sys temic  purposes i n  a  
g iven s i t u a t i o n .  Since t h e  implementation of such an i d e a l  c a s e  
is  not  p o s s i b l e ,  the  procedure occur r ing  wi th in  t h e  adminis t ra-  
t i v e  and planning s t r u c t u r e  t a k e s  on an iterative form. The 
problem a r i s e s  of t e rmina t ing  t h e  procedure be fore  the  s i t u a t i o n  
( s t r u c t u r e  and purposes) can change. Such a  procedure would us- 
u a l l y  s t a r t  from an e x i s t i n g  breakdown, both  s e c t o r i a l  (minis-  
t r i e s ,  depar tments)  and i n  reg iona l  ( l o c a l  governments, t h e i r  
powers) dimensions. This  i n i t i a l  s e t t i n g  i s  e s s e n t i a l  f o r  f u r -  
t h e r  c o n s i d e r a t i o n s  f o r  t h r e e  reasons:  
- I t  d e f i n e s  the  a c t u a l  power i n t e r p l a y  through which 
c u r r e n t  p o l i c i e s  a r e  implemented. 
- I t  d e f i n e s  d a t a  used f o r  development planning.  
- There i s  a  very high c o s t  incur red  f o r  a l t e r i n g  t h e  
s t r u c t u r e .  
D i f f e r e n t  r e l a t i o n s  between var ious  h i e r a r c h i e s ,  e s p e c i a l l y  
wi th  regard t o  t h e  i n i t i a l  p o l i t i c a l - a d m i n i s t r a t i v e  ones ,  may be 
i l l u s t r a t e d  by t h e f a c t  t h a t  a  r eg ion  can end up a s  a  d e f i n i t e  
a d m i n i s t r a t i v e  u n i t ,  ves ted with t h e  a p p r o p r i a t e  power, o r  a s  an 
a b s t r a c t  e n t i t y  used f o r  planning/programming purposes.  I n  as -  
s e s s i n g  t h e  s i t u a t i o n ,  a  number of h i e r a r c h i e s  have t o  be taken 
i n t o  account through which the  reg ions  may be def ined .  
The reg ion  emerges a s  an element of t h e  n a t i o n a l  system com- 
p r i s i n g  d e f i n i t e  s u b s e c t o r i a l  e n t i t i e s .  S e c t o r i a l  e lements  of 
t h e  reg ion  a s  a  system a r e  a t  t h e  same time t h e  e lements  of a  
s e c t o r i a l  system [ 9 ,  1 1 1 .  This d u a l i t y  imposes t h e  f i r s t  t a s k  
wi th in  t h e  coord ina t ion  problem. The second t a s k  i s  concerned 
wi th  i n t e r r e g i o n a l  r e l a t i o n s .  Both t a s k s  a r e  n o n t r i v i a l ,  and 
may have i n t e r n a l  and/or imposed o b j e c t i v e s .  To i l l u s t r a t e  pos- 
s i b l e  causes  t h a t  may make t h e  r e g i o n a l  problems emerge l e t  us  
c i t e  [ 1 2 ] :  
( A )  Dif fe rences  i n  t h e  development l e v e l .  
( B )  Dif fe rence  i n  t h e  n a t u r a l  endowment ( i n c l u d i n g  en- 
vironmental  l i m i t s  ) . 
These r e f e r  t o  t h e  s t a t e  o f t h e o b j e c t  system. The way i n  
which r e g i o n a l  d i f f e r e n c e s  w i l l  be handled depends on t h e  per-  
s p e c t i v e  from which they a r e  perceived.  These a r e  a s  fol lows:  
( a )  Nat ional  investment a l l o c a t i o n  p e r s p e c t i v e  ( n a t i o n a l  
o b j e c t i v e  a s  a  c r i t e r i o n  of o p t i m a l i t y ,  e i f i c i e n c y -  
s e c t o r i a l  cr i ter ion-maximizat ion)  . 
( b )  D i s t r i b u t i o n  of wealth and growth perspective (balanced 
growth o r  e q u i t y  o b j e c t i v e s )  .+  
( c )  Local development p e r s p e c t i v e  ( l o c a l  o b j e c t i v e s  wi th in  
t h e  framework of n a t i o n a l  o n e s ) .  
*This d i s t i n c t i o n  does not mean perpe tua t ion  of t h e  "Equity 
ve rsus  Ef f ic iency"  controversy ( s e e ,  e . g . , [ 1 2 ] ) . The "E versus  
E" problem may be e a s i l y  solved i f  it i s  seen a s  being r e l a t e d  t o  
t h e  d i f f e r e n c e  i n  t h e  hor izons ;  e q u i t y  i s  expressed i n  r a t i o n a l ,  
3eople-or iented t e r n s ,  o r  n o n l i n e a r i t y  ( l i m i t s )  of e f f i c i e n c y  is  
considered.  
Mechanisms e x i s t  f o r  moni tor ing ( A )  and (B) f o r  cont inuous  
r e g u l a t i o n  c o o r d i n a t i n g  ( a ) ,  ( b )  , o r  ( c )  . I n  such r o u t i n e  pro- 
ceedings  n e i t h e r  t h e  r e g i o n a l i z a t i o n  nor t h e  c o o r d i n a t i o n  prob- 
lems a r e  solved 191. I f ,  however, c reep ing  d ive rgences  from 
r o u t i n e  s i t u a t i o n s  ( i n c l u d i n g  inves tment  c o n s t r a i n t s )  o r  sudden 
exogenous d i s t u r b a n c e s  make it i n p o s s i b l e  f o r  e s t a b l i s h e d  mech- 
anisms t o  r e a c t  p roper ly ,  then e i t h e r  important  s t r u c t u r a l  zhacqes 
have t o  be in t roduced i n t o  t h e  s o l u t i o n s  o r  e n t i r e l y  new s o l s t i o n s  
nave t o  be found. The lower l e v e l s ,  no t  being a b l e  t o  cope wi th  
t h e  problem, p r o j e c t  it i n t o  t h e  h i g h e r  ones ,  o r  t h e  h lgner  ones ,  
recogniz ing t h e  scope of t h e  problem, f i n d  it necessary  t o  induce 
chanqes i n  t h e i r  r e l a t i o n s  wi th  lower l e v e l  elements o r  i n t e r -  
r e l a t i o n s  on t h e  lower l e v e l .  The whole s t r u c t u r e  g e t s  involved.  
One can imagine t h a t  new (updated)  s o l u t i o n s  a r e  being worked o u t  
cont inuously  and implemented only  when l o s s e s  i n c u r r e d  by s t i c k i n g  
t o  t h e  o l d  mechanism s u r p a s s  t h e  implementation c o s t .  Such a  - 
s o l u t i o n  p rocess  would have t h e  form of a n i t e r a t i v e  procedure 
working i n  a  loop between t h e  element d e f i n i t i o n  and c o o r d i n a t i o n .  
Appropr ia te  element d e f i n i t i o n ,  based upon a c t u a l  a d m i n i s t r a t i v e  
s t r u c t u r e s  and socioaconomic/geographic c h a r a c t e r i s t i c s ,  w i l l  show 
t h e  way of f u t u r e  e v o l u t i o n  f o r  t h e  a d m i n i s t r a t i v e  s t r u c t u r e  and 
w i l l  f a c i l i t a t e  t h e  t a s k  of coord ina t ion .  ( T h i s  i s  t h e  way t h a t  
c e r t a i n  l i m i t a t i o n s  i n h e r e n t  t o  uniquely  s e c t o r i a l  economies, may 
be overcome, s e e  a l s o  [ 1 3 ,  1 4 ,  1 5 1 .  I n  t h e  c o o r d i n a t i o n  some re -  
l a t i o n s  between t h e  elements may be e s t a b l i s h e d  t h a t  would i n f l u -  
ence t h e  element d e f i n i t i o n s .  
The o u t l i n e d  s o l u t i o n  procedure invo lves  a  m u l t i l e v e l ,  mul t i -  
h i e r a r c h i c a l  system s t r u c t u r e  s o  t h a t  t h e  s t r u c t u r e  may undergo 
e s s e n t i a l  chanqes. In  r e l a t i o n  t o  both  element d e f i n i t i o n  and 
c o o r d i n a t i o n  two p rocesses  a r e  v i t a l  f o r  t h e  s o l u t i o n  determina- 
t i o n :  aggrega t ion  and decomposition. They r e f l e c t  t h e  approach 
t o  s o l u t i o n  f i n d i n g  i n  the  sense  of e s t a b l i s h g r i t  of r e l a t i o n s  
between t h e  elements (bottom t o  t o p  and t o p  t o  bottom, r e s p e c t i v e -  
l y ) .  A t  t h e  same t ime ,  they  may c o n s t i t u t e  t h e  mechanisms of 
problem d e f i n i t i o n .  
We can s e e  a  problem l i a b l e  t o  renewal o r  t o  a c t i v a t i o n  of 
a  s o l u t i o n  process  emerging whenever changes i n  f e a t u r e s  of t h e  
system iA,a) o r  i t s  p o t e n t i a l  ( inves tment  c a p a c i t y ) ,  o r ,  on t h e  
o t h e r  hand, i n  i t s  o b j e c t i v e s  ( a , b , c )  occur .  This  i s  where our  
main i n t e r e s t  l i e s .  The s o l u t i o n  procedure t h a t  we a r e  d i s c u s -  
s i n g  i s  meant i n  a  s t r u c t u r a l  s e n s e ,  i. e .  , it l e a d s  u l t i m a t e l y  
t o  modi f i ca t ions  i n  t h e  o r g a n i z a t i o n  of an a lgor i thm of t h e  
a c t u a l  manager ia l  s o l u t i o n  d e f i n i t i o n .  I t  o p e r a t e s  on t h e  p o l i c y  
making, and planning s t r u c t u r e  ( a l g o r i t h m )  l e v e l  [ 1 6 j ,  and not  
only  on t h e  a c t u a l  o b j e c t  sys tem ' s  q u e s t i o n s .  Usual ly ,  t h e  
chanqes mentioned a r e  t r e a t e d  a s  l o c a l i z e d  ones s o  a s  t o  prolong 
t h e  t ime p e r i o d s  between a  more sound r e s t r u c t u r i n g  of t h e  system. 
Th i s  o f t e n  l e a d s  t o  t h e  temporary implementation of programs o r  
p r o j e c t s  a s  t h e  modi f i ca t ions  of e x i s t i n g ,  r o u t i n e  mechanisms a r e  
j u s t  propagated i n  t h e  usua l  way. 
A s  a  r e s u l t  of  t h e  2henomena mentioned i n  t h e  f i r s t  s e c t i o n  
of t h i s  paper ,  chanqes i n  t h e  region system make it necessary  t o  
look f o r  new s o l u t i o n s ,  both  i n  t h e  s t r u c t u r e  of t h e  s o c i c ~ c o n o m i c  
o b j e c t  system, and i n  t h e  s t r u c t u r e  of t h e  on-going s o l u t i o n -  
seeking a lgor i thm f o r  an op t imiza t ion  approach,  s e e  [ i 7 ] .  The 
de te rmina t ion  and implementation o f  new s o l u t i o n s  a r e  complex 
processes  because of a  cons ide rab le  i n e r t i a  wi th  regard  t o  ex- 
t e r n a l  manipula t ions  ( o r  they may even change opposing a t t i t u d e s )  
and autonomous i n t e r n a l  dynamics of r eg ions .  They a r e  connected 
with and s t r e n g t h e n  t h e  long-term c h a r a c t e r  of r eg ion  ( s p a t i a l )  
changes. This  poses important  q u e s t i o n s  a s  t o  t h e  r e l i a b i l i t y  
of r e g i o n a l  p r o j e c t i o n s  and p l a n s  compared wi th  t h e  s e c t o r i a l  
ones. Furthermore,  one s u s t  a l s o  cons ide r  t h e  s t a b i l i t y ,  r e s i l -  
ience  and robus tness  of t h e  r e g i o n a l  system, e s p e c i a l l y  wi th  re-  
gard  t o  p o s s i b l e  p o l i c i e s  t o  be undertaken and a l s o  t h e  socio-  
economic system with  regard  t o  p o s s i b l e  r e g i o n a l  developments. 
In  t h e  c o n d i t i o n s  of extreme complexity it o f t e n  means t h a t  a l -  
t e r n a t i v e  s c e n a r i o s ,  whose performances a r e  then  e v a l u a t e d ,  a r e  
c o n s t r u c t e d  r a t h e r  than a  d i r e c t  "cont inuous"  modeling of p o l i c y  
space which involves  a  g r e a t e r  sea rch  procedure  [ 1 8 1  . 
The s o l u t i o n  procedure should lead t o  t h e  c o n s t r u c t i o n  of 
a  system t h a t  would s a t i s f y  c e r t a i n  requirements  formulated a s  
t o  i t s  performance. Besides t h e s e  s p e c i f i c  requirements ,  ex- 
pressed a s  o b j e c t i v e  f u n c t i o n s ,  p re fe rence  o r d e r i n g s ,  i n d i f f e r -  
ence curves  o r  s a t i s f a c t i o n  l i m i t s  [ I  91 , one can propose some 
genera l  sys temic  c r i t e r i a  o r  p r o p e r t i e s .  We s h a l l  c i t e  two: 
~ o r n p r e n e n s i ~ e n e s s  and i n t e g r a t i o n  a s  d e r i v e d ,  f o r  example, from 
( 2 6 1 .  The system, and i n  p a r t i c u l a r  t h e  i n s t a l l e d  s o l u t i o n  
a lgor i thm,  should comprise o r  account  f o r  a l l  t h e  e s s e n t i a l  e l e -  
ments and a s p e c t s .  These should then be i n t e r l i n k e d  s o  t h a t  
they a r e  conta ined by t h e  system and a l s o  form i t ,  and a r e  then 
necessary  f o r  a  mere " i n c l u s i o n "  (comprehension) t o  t h e  i n t e g r a -  
t i o n  is p a r a l l e l  t o  t h e  passage from q u a l i t a t i v e  c o n s i d e r a t i o n s  
i n  t h e  sys tem ' s  pe rcep t ion .  Obviously,  t h e  o b j e c t  system i s  
both comprehensive and i n t e g r a t i n g ,  i f  taken broadly  enough, so  
t h a t  t h e  problem l i e s  mainly i n  i t s  p e r c e p t i o n ,  a n a l y s i s ,  and 
redesign: i . e . ,  i n  t h e  s o l u t i o n  procedure .  
3 .  DEVELOPMENT PROGRAM EVALUATION AND ASSZSSIGNT 
The implementation of t h e  development program due t o  i t s  
i n t e r i n s t i t u t i o n a l  c h a r a c t e r  and a  s t r o n g  i n t e r a c t i o n  wi th  t h e  
p o l i t i c a l ,  s o c i a l ,  economic, a s  w e l l  a s  p h y s i c a l ,  environments 
comes under d i f f e r e n t  p ressures  and d i s t u r b a n c e s  which make pro- 
gram changes necessary .  There fo re ,  it i s  u s e f u l  and sometimes 
necessary  t o  e v a l u a t e  t h e  program i n  o r d e r  t o  a s s e s s  how suc- 
c e s s f u l  t h e  program has been. 
A p e r i 0 d . i ~  eva lua t ion  of development programs may play an 
important r o l e  i n  t h e  improvement of e f f e c t i v e n e s s  of t h e  pro- 
grams. The e v a l u a t i o n  of t h e  development programs should a l s o  
be lncluded more and more i n  t h e  a n a l y t i c  framework. 
The e v a l u a t i o n o f  programs could  be zonsidered a s  a  feedback 
mechanism, which could inc lude  t h e  i d e n t i f i c a t i o n  of program 
g o a l s ,  e v a l u a t i o n  c r i t e r i a  and c l i e n t e l e  groups o r  a c t o r s  1211. 
The concept of c l i e n t e l e  groups o r  a c t o r s  should be c o n s t r u c t e d  
broadly  t o  inc lude  not  only  those  who a r e  u l t i m a t e l y  a f f e c t e d  by 
a  p a r t i c u l a r  program, but  a l s o  those  who c r e a t e  and develop i t  
(20 ,  221. 
The e v a l u a t i o n  a n a l y s i s  r e q u i r e s  a  c o n s i d e r a t i o n  of conver- 
gen t  and d i v e r g e n t  i n t e r e s t s ,  coopera t ive  and compet i t ive  a c t i o n s ,  
v a l u e s ,  and mot ives ,  c a t e g o r i z a t i o n  of a c t o r s ,  r e l a t i o n s h i p  o r  
l inkage  among a c t o r s ,  informat ion b a s i s ,  adequacy of informat ion 
b a s i s ,  r e l evance  and a c c e s s i b i l i t y  of a c t o r s ,  types  of d e c i s i o n s  
and t h e i r  consequences, and t h e  i s s u e s  o r  probiems t h a t  enercje. 
The sequence of t h i s  a n a l y t i c  framework is shown i n  Frgnre 
2 .  The e v a l u a t i o n  p rocess  should a l s o  i n c l u d e  s e v e r a l  compari- 
sons : 
- Cornprison of program b e f o r e  ve r sus  a f t e r .  
- Time t r e n d  p r o j e c t i o n  of preprogram d a t a  v e r s u s  a c t u a l  
program d a t a .  
- Comparisons wi th  sys tem ' s  segments n o t  served by t h e  
program. 
- Comparisons of planned v e r s u s  a c t u a l  performance. 
The e v a l u a t i o n  of t h e  development program could  improve t h e  
e f f e c t i v e n e s s  of a  p a r t i c u l a r  program but a l s o  be a  good source  
of o v e r a l l  program management exper ience .  
Important  sources  of knowledge on t h e  development program 
exper iences  could  be obta ined through t h e  i s s u e  response analy-  
s i s  ( s e e  F igure  3 ) .  The e v a l u a t i o n  is t h e r e f o r e  based mainly on 
an a n a l y s i s  of a  s o c i e t a l  process  t h a t  l e a d s  t o  t h e  d e f i n i t i o n  
t h r e e  modes: d e b a t e ,  po l i cy  g e n e r a t i o n ,  and d e c i s i o n  making. The 
development program, de f ined  by t h e  s o c i e t a l  p rocess  going through 
t h e  above t h r e e  modes, f i n a l l y  shapes  t h e  eco-techno-economic 
system, which is t h e  o b j e c t  of t h e  program's performance. 
Analys is  of i n t e r r e l a t i o n s  between i s s u e s ,  a c t o r s ,  and pro- 
gram phases g i v e s  us an oppor tun i ty  t o  s p e c i f y  t h e  main advan- 
t a g e s  and d i sadvan tages  of t h e  program, t h e  main advocates  and 
opponents a s  we l l  a s  t h e  p o s s i b l e  f u t u r e  of t h e  program. The 
important  p a r t  of t h e  program a n a l y s i s  i s  t h a t  i t  is a l s o  su r -  
veying t h e  a p p l i c a t i o n  of models, computers and systems a n a l y s i s  
f o r  each subsystem a s  we l l  a s  f o r  t h e  whole program. 
The Kinki I n t e g r a t e d  Regional Development should i n t e r a c t  
wi th  t h e  n a t i o n a l  economy system, p r e f e c t u r a l  sys tems,  demogra- 
ph ic  system, r e g i o n a l  economic a c t i v i t y  sys tems,  t r a n s p o r t a t i o n  
system, water system, and environmental  system a s  shown i n  Fig- 
u re  4 .  To s e e  t h e  problems of Kinki IRDP i n  an  a p p r o p r i a t e  
p e r s p e c t i v e ,  t h e  main i s s u e s  and t h e i r  changes a r e  summarized 
i n  Table  1 .  The i s s u e  a r e a s  a r e :  n a t i o n a l ,  g e n e r a l ,  r e g i o n a l ,  
t r a n s p o r t a t i o n ,  environmental ,  and r e l a t e d  t o  Kinki i t s e l f .  
For each a r e a  t h e  i s s u e  changes over t ime ,  l . e . ,  a s  appear ing 
i n  t h e  t h r e e  consecu t ive  comprehensive development p lans  (1961- 
1969, 1969-1977, 1977- ) ,  a r e  presented.  One should remark t h a t  
t h e  i s s u e  changes depend s t r o n g l y  on t h e  change of r e g i o n a l l y -  
o r i e n t e d  n a t i o n a l  comprehensive development p lans .  The main o u t  
l i n e s  of t h e  second comprehensive development p lan  is shown i n  
Z x h i b i t s  1 and 2 ,  and t h e  main elements of  t h e  t h i r d  comprehen- 
s i v e  development p lan  is given i n  Exh ib i t  3 .  A more d e t a i l e d  
o u t l i n e  of t h e  t h i r d  comprehensive development p l a n ,  p a r t i t i o n e d  
i n t o  main g o a l s  and a r e a s  of i n t e r e s t  a s  we l l  a s  scope of csmpe- 
tency of  a p p r o p r i a t e  governments ( n a t i o n a l ,  p r e f e c t u r a l ,  and 
l o c a l )  is shown i n  Figure  5 .  
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I t  may be i n t e r e s t i n g  t o  compare t h e  S a s l c  c o n c e p t u a l  d i f -  
f e r e n c e s  between t h e  second and t h i r d  comprehensive development  
p l an .  I t  is  ske t ched  i n  F igu re  6 .  The changes  of  comprehensive 
p l a n s  a s  o u t l i n e d  above must n e c e s s a r i l y  c a u s e  changes  of  p o l i -  
c i e s  ove r  t i m e .  T h i s  is  shown i n  Tab le  2 f o r  each  i s s u e  a r e a ,  
i . e . ,  n a t i o n a l ,  g e n e r a l  r e g i o n a l ,  t r a n s p o r t a t i o n ,  e n v i r o r m e n t a ? ,  
and r e l a t e d  t o  Kinki  i t s e l f .  A s  may be s e e n ,  t h e s e  p o l i c i e s  
e v o l v e  from pure  g rowth -o r i en t ed  ones  t o  more c o n s c i o u s  human- 
and q u a l i t y - o f - l i f e - o r i e n t e d  ones .  
The Kinki  I n t e g r a t e d  Zeg iona l  Development Program shou ld  
h e l p  t o  s o l v e  t h e  r e g i o n a l  problem th rough  t h e  r e g i o n a l  s p e c i a l -  
i z a t i o n  [ 3 ]  and c r e a t i o n  and u t i l i z a t i o n  of  o p p o r t u n i t i e s .  I t  
i s ,  however, n e c e s s a r y  t o  form and l aunch  t h e  program and choose  
f o r  it  some o r g a n i z a t i o n .  
4 .  AN ORGANIZATIONAL ANALYSIS OF REGIONAL DEVELOP?-ENT-PROGiiAMS 
The o r g a n i z a t i o n a l  d imens ion  of program management r e p r e s e n t s  
an  i m p o r t a n t  i s s u e  f o r  i t s  s u c c e s s f u l  implementa t ion .  D e s p i t e  
t h l s  t h e  s c i e n t i f i c  s u p p o r t  f o r  m u l t i o r g a n i z a t i o n a l  s t r a t e g i e s  
has  been v e r y  l i m i t e d .  The purpose  of t h i s  s e c t i o n  i s  t h e  pre-  
s e n t a t i o n  of a  c o n c e p t u a l  framework f o r  t h e  a n a l y s i s  of  t h e  organ- 
i z a t i o n a l  s t r a t e g i e s  o f  development  programs.  T h i s  framework has  
Seen developed  a t  IIASA i n  t h e  c o n t e x t  of r e s e a r c h  i n  c a s e  s t u d i e s  
of  Large-Scale Regional  Programs. Both t h e  me thodo log ica l  approach  
and i t s  t e s t i n g  f o r  d i f f e r e n t  development  programs is  documented 
i n  [ 2 ,  231 . F u r t h e r  i n  t h e  s e c t i o n  some o b s e r v a t i o n s  on a p p l i c a -  
t i o n  of  t h i s  me thodo log ica l  approach  f o r  t h e  Kinki  IRD Program 
w i l l  be p r e s e n t e d .  
The c o n c e p t u a l  framework is  i n t e n d e d  t o  p rov ide  a  ne thod  f o r  
d e r i v i n g  t h e  o r g a n i z a t i o n a l  i m p l i c a t i o n s  of program o b j e c t i v e s  
and a s s e s s i n g  t h e  c a p a c i t y  of  e x i s t i n g  o r  p lanned  i n s t i t u t i o n a l  
r e s o u r c e s  i n  t e r n s  of t h o s e  i m p l i c a t i o n s .  I t  can be u t i l l z e d  
e i t h e r  t o  g e n e r a t e  a l t e r n a t i v e  o r g a n i z a t i o n a l  s t r a t e g i e s  o r  t o  
s v a l u a t e  p o l i c y  ? r o p o s a l s  i n  te rms  of t h e l r  c o n t r i b u t i o n  t o  e f -  
f e c t i v e  program management. 
4 . 1  . The Framework 
The selection of  an  appropriate organ lzac lona ;  s t r a t e g y  
shou ld  be a  f u n c t l o n  of t h e  n a t u r e  of  program o b l e c t i v e s  and ac -  
t l v l t l e s ,  e x l s t r n g  l n s t l t u t l o n a l  r e l a t l o n s h r p s  and rhe  v a l u e s  
governrng  t h e  management and o r g a n l z a t l o n  I n  t h e  p rog ran  s e t t l n g  . 
The c o n c e p t u a l  framework p r o v l d e s  p o l r c y  n a k e r s ,  th rough t h e i r  
a n a l y s t s ,  wr th  t h e  c a p a b l l l t y  f o r  assessing e x r s t l n g  l n s t l t u t l o n a l  
z e s o u r c e s  and s t r a t e g y  alternatives according t o  a  s e t  o f  c r l t e r l a  
whlch a r e  d e r l v e d  from o r g a n l z a t l o n a l  p r l n c l p l e s .  
2 Nanagement Cha l l enges  
Program s u b s t a n t i a t i o n  ? l a c e s  some demands on t h e  management. 
These demands could  be i d e n t i f i e d  i n  ' e m s  of aanagenen t  c h a l -  
l e n g e s .  ? o r  any program t h e  fu l lL  range  of  activities and s u p p c r t  
?recesses 1s v e r y  high and a s u b s e t  of t h e s e  a u s t  be s e i e c t e d  f o r  
a  l s e f u ?  analysis. 
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The concern should  be wi th  t h o s e  a s p e c t s  t h a t  a r e  a d i r e c t  
consequence of t h e  c r e a t i o n  of a program. The concept  of  manage- 
ment c h a l l e n g e s  f a c i l i t a t e s  t h e  d i s t i n c t i o n  of t h i s  program- 
r e l a t e d  complexi ty .  On t h e  o t h e r  hand, they  invo lve  and a f f e c t  
many d i f f e r e n t  o r g a n i z a t i o n s  i n  t h e  program s e t t i n g  and t h e  way 
t h e s e  o r g a n i z a t i o n s  i n t e r r e l a t e .  A s  an a n a l y t i c  d e v i c e ,  t h e  a e f -  
i n i t i o n  of management c h a l l e n g e s  s e r v e s  t o  c r y s t a l i z e  t h e  na;or 
o r g a n i z a t i o n a l  p o l i c y  i s s u e s .  
4 . 3 .  The System-Environment I n t e r a c t i o n s  
Of t h e  many o r g a n i z a t i o n s  t h a t  might i n  some way o r  ano the r  
be a s s o c i a t e d  wi th  t h e  program w e  d e f i n e  our  r e l e v a n t  o rgan iza -  
t i o n a l  system a s  c o n s i s t i n g  of t h o s e  o r g a n i z a t i o n s  whose objec-  
t i v e s  a r e  d e r i v e d ,  a t  l e a s t  i n  p a r t ,  from t h e  s t a t ement  of  pro- 
gram o b j e c t i v e s .  The most e lementary  p a r t  of t h e  framework j =  
t h e  r e c o g n i t i o n  t h a t  t h i s  system is i n  i n t e r a c t i o n  wi th  an 
environment-a sys temic  environment c o n s i s t i n g  o f  t h o s e  fac?ors 
e x t e r n a l  t o  i t ,  a  change i n  t h e  complexi ty  of  which r e q u i r e s  
some response  by t h e  system. I f  t h e  system is t o  s u r v i v e  i n  i t s  
environment,  t h e  i n t e r a c t i o n  between system and environment n u s t  
be balanced ir, one way o r  ano the r .  That is ,  t h e  system must be 
a b l e  t o  respond i n  an a p p r o p r i a t e  way t o  each change i n  t h e  
s t a t e  of t h e  environmenta l  f a c t o r s .  T h i s  i s  a s t a t ement  of  Xshby's  
Law of 2 e q u i s i t e  Var ie ty  [24]. 
Figure  7 i l l u s t r a t e s  t h e  concept  of system-environment i n t e r -  
a c t i o n .  The r e l e v a n t  system environment is d e f i n e d  by t h e  system 
o b j e c t i v e s .  The p a r t i c u l a r  o b j e c t i v e s  t h a t  a  system is  i n t ended  
t o  ach ieve  d e f i n e  t h e  set of o u t s i d e  f a c t o r s  t h a t  must be taken 
i n t o  account .  When new program o b j e c t i v e s  a r e  d e f i n e d ,  t h e y  t e n d  
t o  r e s u l t  i n  an i n c r e a s e  i n  t h e  complexi ty  o r  number of  s t a t e s  of  
t h e  environment t o  which t h e  system must r e l a t e .  I t  is t h i s  in -  
c r e a s e  i n  environmental  complexity t h a t  poses  t h e  new c h a l l e n g e s  
t o  t h e  system. I f  t h e  o b j e c t i v e s  a r e  t o  be ach ieved ,  o rgan iza -  
t i o n a l  r e sponses  a r e  r e q u i r e d  t h a t  i n c r e a s e  t h e  a b i l i t y  of t h e  
system t o  meet t h e  new complexity o f  t h e  environment.  A reformu- 
l a t i o n  of Ashby's Law f o r  t h i s  framework says  t h a t  t h e  complaxity 
of t h e  o r g a n i z a t i o n a l  response  should  be a t  l e a s t  a s  h igh a s  t h e  
complexity of t h e  c h a l l e n g e s  i f  t h e r e  is an  i n t e n t i o n  t o  c o n t r o l  
them. 
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F igure  7 .  System-environment i n t e r a c t i o n .  
4 . 4 .  S t r u c t u r e  of  t he  System 
The s e t  of  o r g a n i z a t i o n s ,  t h e  m u l t i o r g a n i z a t i o n ,  which de- 
f i n e s  t h e  sys tem under c o n s i d e r a t i o n ,  h a s  a  s t r u c t u r e ,  be i t  
formal  o r  i n f o r m a l .  Th i s  s t r u c t u r e  i s  i d e n t i f i e d  by s t u d y i n g  
t h e  n a t u r e  of  t h e  g o a l s  of  d i f f e r e n t  member o r g a n i z a t i o n s  i n  t h e  
c o n t e x t  o f  t h e  development.  In  t h i s  manner t h e  o r g a n i z a t i o n s  
a r e  c l u s t e r e d  i n t o  a  system s t r u c t u r e d  by l e v e l s ,  each  embedded 
w i t h i n  each  o t h e r .  
I n  t h i s  c a s e ,  where t h e  program is  one o f  r e g i o n a l  develop-  
ment we can  d e f i n e  a  f l a t t o n a l  o r  g e n e r a l  sys tem l e v e l  which de- 
f i n e s  t h e  bounda r i e s  o r  g e n e r a l  o b j e c t i v e s  o f  t h e  r e g i o n a l  pro-  
gram. A t  t h i s  l e v e l  a r e  o r g a n i z a t i o n s  whose focus  c o n s i d e r s  
t r a d e - o f f s  between r e g i o n a l  development and o t h e r  p o t e n t i a l l y  
competing a c t i v i t i e s .  Once t h e s e  t r a d e - o f f s  a r e  worked o u t  and 
g o a l s  d e f i n e d ,  t h e  g o a l s  a r e  s p e c i f i c  t o  t h e  r e g i o n a l  program, 
and which form t h e  r e g i o n a l  o r  program s y s t e m .  
T h i s  system l e v e l  c o n s i d e r s  o n l y  t r a d e - o f f s  i n t e r n a l  t o  t h e  
r e g i o n a l  development o b j e c t i v e s  among v a r i o u s  a c t i v i t i e s ,  t h e r e b y  
d e f i n i n g  subgoa l s .  I n  t h e i r  t u r n  t o  implement t h e  s u b g o a l s ,  t h e s e  
a r e  handed t o  a  s e t  of  o r g a n l z a t i o n s  concerned  w i t h  s p e c i f i c  
a c t i v i t i e s ,  t h e  r e g i o n a l  o r  program s u b s y s t e m .  
W e  r e c o g n i z e  t h i s  g o a l  d e f i n i t i o n  p r o c e s s  a s  i t e r a t i v e  and 
c o n t i n u o u s  between sys tem l e v e l s .  
The i d e n t i f i c a t i o n  of  t h e s e  s y s t e m i c  l e v e l s  i s  t h e  f i r s t  s t e p  
i n  r e c o g n i z i n g  t h e  p a t t e r n  of o r g a n i z a t i o n  i n  a p a r t i c u l a r  s e t t i n g .  
A n  i m p l i c a t i o n  o f  t h i s  sys t emic  d e f i n i t i o n  of o r g a n i z a t i o n  is  t h a t  
t h e  c h a l l e n g e s  w e  have i d e n t i f i e d  e a r l i e r  can  be addres sed  by any 
one of t h e  l e v e l s  o r  by a c t i o n s  t a k e n  by any s i x  of o r g a n i z a t i o n s  
a t  t h e  v a r i o u s  l e v e l s .  
3 . 5  F u n c t i o n a l  Capac i ty  
The management c a p a c i t y  of  each  one o f  t h e s e  sys t emic  l e v e l s  
can  be e x p r e s s e d  i n  t e r n s  of  t h e  f u n c t i o n a l  r o l e s  p l ayed  by each  
o r g a n i z a t i o n  w i t h i n  it. The c a p a c i t y  of  a  sys tem l e v e l  i s  gener-  
a t e d  by t h e  f u n c t i o n s  embodied i n  t h e  o r g a n l z a t i o n s  t h a t  compr ise  
t h a t  s y s t e m i c  l e v e l .  T h i s  f u n c t i o n a l  c a p a c i t y  is s p e c i f i c  t o  ob- 
j e c t i v e s  and o c c u r s  a t  each  sys t emic  l e v e l .  F ive  f u n c t i o n s  w i l l  
b e  d e f i n e d  t h a t  a r e  s u f f i c i e n t  t o  d e s c r i b e  a l l  sys tem behav io r  
and t h a t  a r e  n e c e s s a r y  f u n c t i o n s  i f  t h e  sys tem i s  t o  a c h l e v e  i t s  
o b j e c t i v e s .  These f u n c t i o n s  occu r  a t  each s y s t e m i c  l e v e l .  
A '33 ~ c  y  .?.*nc~.:,-n exercises d i s c r e c l o n  t o  choose between a l -  
t e r n a t i v e  s t r a t e g i e s  f o r  objective achievement .  Once s e l e c t e d ,  
t h o s e  form che o b j e c t i v e s  f o r  subsystem. I n  t h i s  c h o i c e  ? o l i c y  
i s  suppor t ed  by a  p r o c e s s  of g e n e r a t i o n  and s u b s t a n c e  o f  a l t e r -  
n a t i v e s -  t h e  I n ~ e l i i g s n c e  ' x n c c l o n .  
A : o n r r g :  ? > n c r i o n  "nanages"  t h e  subsys tems by ~ r o v i d i n g  re-  
s o u r c e s  and mon i to r ing  t h e i r  performance a g a i n s t  t h e  o b j e c t i v e s .  
G e n e r a l l y  t h e  a c t i v i t i e s  o f  subsys tems w i l l  be independen t .  A 
. . A. -c rc :ns ;<oq  ? : i n - z i o n  prov ides  f o r  a i r e c t  i n f o r n a t i o n  exchange 
between subsystems so t h a t  they can t a k e  i n t o  account t h e i r  e f -  
f e c t s  upon each o t h e r .  F i n a l l y  t h e r e  is a  need f o r  t h e  s e l e c t e d  
a c t i v i t i e s  t o  be implemented-an I m p i a m e n t n t i o n  P u n c ~ i o n .  A t  any 
system l e v e l  t h i s  is provided d i r e c t l y  by t h e  subsystem embedded 
i n  t h a t  l e v e l .  These f i v e  f u n c t i o n s  can,  i n  t u r n ,  be recognized 
wi th in  t h e  subsystems themselves.  Together =hey d e f i n e  t h e  
" f u n c t i o n a l  capaci ty ' '  of each sys temic  l e v e i  wich r e s p e c t  t o  a  
p a r t i c u l a r  o b j e c t i v e .  The f u n c t i o n s  and t h e  concept of  r e c u r s i v e  
l e v e l s  provides  t h e  a n a l y t i c  framework wi th  a  c a p a b i l i t y  f o r  focus  
a t  any l e v e l  of r e s o l u t i o n ,  a s  i l l u s t r a t e d  i n  Figure  8. 
To summarize t h e  d i s c u s s i o n  of t h e  framework, we may now 
c o n s o l i d a t e  t h e s e  v a r i o u s  e lements  i n t o  a  more g e n e r a l  p i c t u r e  
of t h e  a n a l y t i c  process .  I t  is t h e  i n c r e a s e  of  environmental  
complexity a s s o c i a t e d  wi th  program o b j e c t i v e s  t h a t  poses new 
c h a l l e n g e s  t o  t h e  system. This  new complexity may be met a t  any 
of  t h e  system l e v e l s  under c o n s i d e r a t i o n .  
I f  t h e  program o b j e c t i v e s  a r e  t o  be f u l l y  achieved it  i s  
p o s t u l a t e d  t h a t  t h e  o r g a n i z a t i o n a l  c a p a c i t y  a t  each l e v e l  should 
be s u f f i c i e n t  t o  meet t h o s e  demands. I f  matching does n o t  o c c u r ,  
a  l ack  of responsiveness  of t h e  system t o  i ts  environment,  lead-  
ing  t o  i n e f f e c t i v e n e s s ,  could  be p o s t u l a t e d .  Such a  c a s e  l e a d s  
t o  a  r e c o n s i d e r a t i o n  of  o b j e c t i v e s  which pe rmi t s  a  d i f f e r e n t  d i s -  
t r i b u t i o n  of  cha l l enges  among l e v e l s .  
In  t h i s  c o n t e x t ,  our i n q u i r y  could  permit  a  d e t a i l e d  under- 
s t and ing  of t h e  o v e r a l l  response of  a  system. The po l i cy  ou tpu t  
of  an i n q u i r y  may be e i t h e r  a  s e t  of  a l t e r n a t i v e  s t r a t e g i e s  t o  
f a c i l i t a t e  t h e  response ,  o r  an assessment  of alternative organiza-  
t i o n a l  p o l i c i e s  which may be under d i s c u s s i o n .  
U . 6 .  The Scheme of Organ iza t iona l  Analys is  
The o r g a n i z a t i o n a l  a n a l y s i s ,  based on t h e  methodological  
approach p resen ted  above,  i s  accomplished i n  a  m u l t i s t e p  p rocess  
which invo lves  t h e  use of an abstraction of t h e  program o b j e c t i v e s  
and of i n s t i t u t i o n a l  r e sources  ( F i g u r e  9 ) .  The common language 
d e s c r i p t i o n  of  i n s t i t u t i o n a l  r e sources  and a c t i v i t i e s  formal- 
i z e d  and transformed i n t o  a  systemic r e p r e s e n t a t i o n  i n  o r d e r  t o  
address  t h i s  i s s u e .  This t r ans fo rmat ion  se rmics  a  r e fo rmat ion  
of i s s u e s  and c o n s t r u c t i o n  of a  model of che program management 
system which can be analyzed and diagnosed.  The sys temic  n a t u r e  
of t h e  model o r d e r s  t h e  s u l t i p l i c i t y  of program a c t i v i t i e s  and 
i n s t i t u t i o n a l  r e l a t i o n s h i p s  wi th  a  l o g i c  t h a t  s e n n i t s  o p e r a t i o n a l  
consideration of such i s s u e s  a s  in terdependence,  t h e  d i s t r i b u t i o n  
of d i s c r e t i o n  and a u t h o r i t y ,  p lanning capability, communication 
l i n k s ,  and o t h e r s .  
The s t e p  from t h e  a n a l y s i s  t o  t h e  c r e a t i o n  of o r g a n i z a t i o n a l  
p roposa l s  r e q u i r e s  a  t r a n s l a t i o n  from t h e  a b s t r a c t i o n  i n t o  t h e  
i n s t i t u t i o n a l  a l t e r n a t i v e s ,  i . e . ,  t h e  fonns t h a t  a r e  a p p r o p r i a t e  
f o r  t h e  program s e t t i n g .  
The a n a l y t i c  p rocess  must be coupled wi th  a  sound and i n t i -  
mate unders tanding of t h e  values  and traditions of t h e  3rogram 
s e t t l n g  i n  o r d e r  t o  produce f e a s i b l e  o r g a n i z a t i o n a l  s t r a t e g i e s  
which a r e  of use t o  p o l i c y  makers. 
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3 . 7 .  Some Observat ians  f o r  t h e  Kinki 1-W Program 
The process  of o r g a n i z a t i o n a l  a n a l y s i s  s t a r t s  wi th  d a t a  co l -  
l e c t i o n .  Program o b j e c t i v e s ,  t h e  a c t i v i t i e s  a s s o c i a t e d  w i t h  them, 
and t h e  i n s t i t u t i o n s  r e l e v a n t  t o  t h e  manaqement of  those  a c t i v i -  
t i e s  r e p r e s e n t  t h e  d a t a  base f o r  t h e  a n a l y s i s .  The complete d a t a  
base i s  t h e  f i r s t  requirement t o  be a b l e  t o  make t h e  transforma- 
t i o n ,  i . e . ,  t o  d e s c r i b e  t h e  r e a l  world i n  terms of t h e  model and 
t o  analyze  o r g a n i z a t i o n a l  s t r a t e g i e s  w i t h i n  t h e  language of t h e  
model. 
I n  t h e  case  of t h e  Kinki IRD Program t h e  l i m i t e d  informat ion 
of t h e  r e a l i t y  is not  s u f f i c i e n t  t o  c o n s t r u c t  t h e  f u l l  d a t a  base  
f o r  t h e  complete o r g a n i z a t i o n a l  a n a l y s i s  according t o  t h e  frame- 
work prosecuted.  Ins tead  w e  w i l l  make some i n t e r i m  o b s e r v a t i o n s  
based on t h e  d a t a  of papers  i n  t h i s  volume. Th i s  very  l i m i t e d  
a n a l y s i s  we w i l l  r e s t r i c t - f r o m  t h e  view of t h e  framework-to t h e  
c o n s i d e r a t i o n  of p o l i c y  func t ion  on ly .  
During t h e  s i x t i e s - a s  i n d i c a t e d  i n  papers  of Japanese  au- 
thors-the main aim of Japan was t o  promote t h e  economic develop- 
z e n t  of t h e  country .  S impl i fy ing ,  we can say t h a t  t h e  main g o a l s  
were: 
- t o  r a i s e  t h e  p e o p l e ' s  income l e v e l  
- t o  i n c r e a s e  t h e  i n d u s t r i a l  .production c a p a c i t y .  
These g o a l s  c r e a t e d  some management c h a l l e n g e s .  We fo rmula te  
them a s  s p e c i a l i z a t i o n  a t  t h e  i n t e r n a t i o n a l  l e v e l  and i n d u s t r y  
l o c a t i o n / a l l o c a t i o n  among p r e f e c t u r e s .  These cha l l enges  were 
n a i n l y  addressed by t h e  n a t i o n a l  system. The f u n c t i o n a l  c a p a c i t y  
of t h a t  system l e v e l  was enough t o  cope wi th  them. The implemen- 
t a t i o n  f u n c t i o n  was d e l e g a t e d  t o  what we c a l l  r e g i o n a l  subsystems,  
be it along a d m i n i s t r a t i v e  o r  bus iness  l i n e s .  The r e g i o n a l  sys-  
tem l e v e l  was n o t  recognized.  
Now we add t o  t h o s e  o b j e c t i v e s  a  new one formulated a s  
- t o  c r e a t e  t h e  comprehensive development of t h e  region.  
I t  i n c o r p o r a t e s  i n t e r p r e f e c t u r a l  problems, such a s  r e sources  
development, environmental  p r o t e c t i o n ,  and o t h e r s  comlng from t h e  
n e c e s s i t y  t o  improve t h e  people's wel l -being w i t h i n  t h e  region- 
a l s o  i n  terms of noneconomic a s p e c t s .  
Th i s  new s i t u a t i o n  r e s u l t s  i n  a  r a p i d  l n c r e a s e  of t h e  sys- 
temic environment complexi ty .  New management cha l l enges  a r e  
posed t h a r  should be addressed a t  a  r e g i o n a l  sys temic  l e v e l .  To 
cope wi th  t h e s e  cha l l enges  t h e  p o l i c y  c a p a c i t y  must exist a t  t h a t  
l e v e l .  
I t  could be e x e r c i s e d  by o r g a n i z a t i o n s  ( i n s t i t u t i o n s )  where- 
eve r  they a r e  l o c a t e d .  Let u s  cons ide r  whether i n  t h e  e x i s t i n g  
i n s t i t u t i o n a l  s t r u c t u r e  a  po l i cy  c a p a c i t y  does e x i s t  t h a t  is a b l e  
t o  cope wi th  t h e  demand c r e a t e d  by t h e s e  c h a l l e n g e s .  
F i r s t  we w i l l  i d e n t l f y  organizations t h a t  have p o l i c y  d i s -  
c r e t i o n  ( f o r  some of them e x e r c i s i n g  t h e  p o l i c y  f u n c t i o n  can be 
a  p a r t  of t h e i r  a c t i v i t i e s ) .  Within t h e  c e n t r a l  government t h e r e  
a r e  o r g a n i z a t i o n s  t h a t  cons ide r  t r a d e - o f f s  between a s p e c t s  of t h e  
Kinki r eg ion  and a s p e c t s  of o t h e r  r e g i o n s ,  e - g . ,  development of 
o t h e r  r eg ions .  These a r e  t h e  o r g a n i z a t i o n s  suppor t ing  t h e  reg ion  
wi th  long-term p u b l i c  investment programs a s  w e l l  a s  t h e  f inan-  
c i a l  investment and l o a n s  program. To t h a t  s e t  a l s o  belong N U ,  
EPA,  and-to some extent- the  M i n i s t r i e s .  Within t h e  reg ion  
t h e r e  a r e  t h e  fo l lowing o r g a n i z a t i o n s :  l o c a l  ( p r e f e c t u r a l )  
governments, j o i n t  committees, governers  coopera t ions  on i n t e r -  
p r e f e c t u r a l  p h y s i c a l  p r o j e c t s ,  and informal  r e g i o n a l  bodies  and 
i n s t i t u t i o n s ,  e . g . ,  Kansai Informat ion Center .  Having i d e n t i f i e d  
t h e s e  a c t o r s  we should e v a l u a t e  t h e  p o l i c y  c a p a c i t y  of t h e  .re- 
g i o n a l  sys temic  l e v e l  a g a i n s t  t h e  demand f o r  t h e  p o l i c y  d i s c r e -  
t i o n .  This l e v e l  of  d i s c u s s i o n  does no t  provide  us wi th  t h e  
a b i l i t y  e i t h e r  t o  dec ide  t h i s  o r  t o  make any s c i e n t i f i c  evalua- 
t i o n .  However, what w e  presented could  be t r e a t e d  a s  a  ve ry  
s i m p l i f i e d  i l l u s t r a t i o n  of the  a n a l y t i c  p rocess .  I n  p a r t i c u l a r  
it can be observed t h a t  i n  s p i t e  of t h e  f a c t  t h e r e  i s  no r e g i o n a l  
a u t h o r i t y  it is l i k e l y  t h a t  t h e  management c a p a c i t y  of t h e  re-  
g i o n a l  sys temic  l e v e l  e i t h e r  could e x i s t  o r  could be c r e a t e d  
w i t h i n  t h e  e x i s t i n g  i n s t i t u t i o n a l  s t r u c t u r e .  
The methodology and frameworks based on t h e  exper ience  gained 
from IIASA c a s e  s t u d i e s  on l a r g e - s c a l e  r e g i o n a l  development pro- 
grams l i k e  TVA, Bra t sk - I l i i i sk  and Shinkansen could be a p p l i e d  t o  
o t h e r  r e g i o n a l  development programs, even l e s s  s t r i c t l y  formulated 
such a s  t h e  Kinki IRDP. Some of t h e  extreme c o n d i t i o n s  of t h e s e  
i a r g e  programs h e l p  us t o  understand b e t t e r  t h e  i n t e r o r g a n i z a -  
t i o n a l  behavior  of r e g i o n a l  development programs. The a t t empt  
made i n  t h i s  paper t o  apply  frameworks f o r  t h e  e v a l u a t i o n  of pro- 
gram o r g a n i z a t i o n  and p o l i c y  fo rmula t ion  f o r  t h e  Kinki IRDP proved 
t o  be s u i t a b l e .  This  i s  even t r u e  i n  ano the r  extreme c a s e ,  when 
+-he i n t e g r a t e d  r e g i o n a l  programs a r e  based on ly  on resea rch  and 
modeling e f f o r t s  and probl6matique g e n e r a t i o n  almost  wi thout  any 
o r g a n i z a t i o n a l  s o l u t i o n .  This a p p l i c a b i l i t y  should  be understood 
l n  a  way where proper  q u e s t i o n s  could  be genera ted  and a t t e n t i o n  
should be paid  t o  t h e  f u t u r e  fo rmula t ion  of  t h e  Kinki IRDP, i f  it 
oroceeds t o  t h e  next  program fo rmula t ion  s t a g e .  Due t o  t h e  frame- 
harks we have developed we can s e e  t h a t  the  Kinki IRDP e f f o r t  is  
s t i l l  a t  t h e  preprogram s t a g e ,  which-due t o  our  methodology-is 
extremely important  a s  a  p r e r e q u i s i t e  of  any r e a l  IiiD program. 
We hope t h a t  our  r e s u l t s  w i l l  be of use f o r  Japanese r e s e a r c h e r s ,  
a s  we l l  a s  p lanners  w i t h i n  t h e  Kinki r e g i o n ,  n o t  a s  a  recommenda- 
t i o n ,  bu t  a s  a  way of focus ing  problem percep t ion .  
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ABSTRACT 
Since 1972, the  Tokyo S c i e n t i f i c  Center ,  IaM Japan,  L t d . ,  
has devoted cons iderab le  e f f o r t  t o  the  a r e a s  of environmental  
problems and urban/regional  development programs. The systems 
we have developed, such a s  the  I n t e r a c t i v e  Simulation System f o r  
A i r  P o l l u t i o n ,  Hyogo Dynamics, t h e  Computer Ass i s ted  Regional 
Planning System, e t c . ,  have e x h i b i t e d  our  resea rch  philosopny, 
and have a f f e c t e d  r e g u l a t i o n s ,  procedures ,  and t h e  a d m i n i s t r a t i o n  
of environmental  and reg iona l  management systems i n  Japan.  A s  
a n a t u r a l  ex tens ion  of our  resea rch  exper iences  and what we had 
l ea rned  from a c t i v i t i e s  wi th  c e n t r a l  and/or l o c a l  governments we 
developed t h e  Kinki I n t e g r a t e d  Regional Development Program with  
some u n i v e r s i t y  p rofessors  in  1977. 
Th is  r e p o r t  is  a b r i e f  summary of our p a s t  r esea rch  exper i -  
ences i n  environmental ,  urban, and r e g i o n a l  development systems 
from e a r l y  1972 t o  d a t e ;  i t s  discussion d e a l s  mainly wi th  t h e  
phi losophies  of our  resea rch  concepts a s  r e a l i z e d  i n  computer- 
a s s i s t e d  systems. 
1 . INTRODUCTION 
The o b j e c t i v e  of t h e  S c i e n t i f i c  Center i s  t o  conduct resea rch  
on computer a p p l i c a t i o n s .  One of t h e  t y p i c a l  r esea rch  a r e a s  i s  
t h e  exp lor ing  of how the  computer can be a p p l i e d  t o  s o l v i n g  prob- 
lems i n  an environment t h a t  i s  becoming i n c r e a s i n g l y  complex. 
The chrono log ica l  h i s t o r y  of major r e s e a r c h  p r o l e c t s  and pro- 
grams r e l a t e d  t o  environmental ,  urban,  and r e g i o n a l  a r e a s  took 
p lace  a t  t h e  Tokyo S c i e n t i f i c  Center ,  IBM Japan,  a s  shown i n  Fig- 
u r e  1 .  

In 1960, t h e  Prime Min is te r  H .  Ikeda launched a pol icy  f o r  
a "high growth r a t e  economy" in  Japan. From then ,  up t o  t h e  so- 
c a l l e d  " o i l  shock" i n  1973, Japan has enjoyed economic growth and 
a rap id  expansion of i n d u s t r i a l  production c a p a c i t y .  
A t  the  beginning of 1972, when t h e  environmental problem, 
e s p e c i a l l y  t h e  a i r  po l l u t i on  problem, began t o  be recognized a s  
a nationwide problem, one research  group was initiated a t  t h e  
Tokyo S c i e n t i f i c  Center t o  chal lenge t h e  environmental  problem 
a s  a new computer app l i c a t i on  a r e a .  They decided t o  develop com- 
p u t e r  technology usefu l  f o r  environmental conservat ion and nave 
concentra ted t h e i r  e f f o r t s  on developing computer techniques  re- 
l a t e d  t o  t h a t  a rea .  
On t h e  o t h e r  hand, t h e  Hyogo p r e f e c tu r e ,  s u f f e r i n g  from re- 
g iona l  problems, was looking f o r  a t o o l  t h a t  could be used f o r  
making.planning opera t ions  more s c i e n t i f i c  and accura te .  Hyogo 
is  one of l o c a l  governments t h a t  have concerns i n  r e v i s i n g  and 
improving long-range comprehensive p l a n s ,  and t h a t  have i n i t i a t e d  
a c t i v i t i e s  i n  making new plans wi th  new concepts ,  from around 
1973, corresponding t o  t h e  plan a t  t h e  n a t i o n a l  l e v e l .  Thus, we 
g o t  toge ther  and began t o  conduct research j o i n t l y  s o  t h a t  our  
research can be app l ied  i n  a c t u a l i t y  and t h e  r e s u l t s  can be u t i l -  
i zed  by t he  po l icy  planners  and t h e i r  co-workers. 
The f i r s t  phase of our  research  a c t i v i t i e s  was t h e  implemen- 
t a t i o n  of the  I n t e r a c t i v e  Simulation System f o r  A i r  Po l lu t i o n  
( ISSAP)[ I ,  2,  3 ,  41 based on t h e  Gaussian Plume model i n  which 
e f f e c t i venes s  was v e r i f i e d  by using a c t u a l  d a t a  gathered i n  
Himeji C i t y ,  Hyogo pre fec ture .  Next was t h e  bu i ld ing  of a system 
dynamics model, c a l l e d  Hyogo Dynamics [ 3 ,  5 1 ,  f o r  e s t a b l i s h i n g  a 
long-range comprehensive plan.  
I n  1975, based on these  a c t i v i t i e s ,  an experimental  system 
c a l l e d  "CARPS, " the  Computer Assis ted Regional Development Plan- 
ning System [ 3 ,  6 ,  7 ,  81  was developed by us toge ther  wi th  Hyogo 
p r e f e c tu r e .  Since then ,  t he  system dynamics approach, adopted i n  
t h e  Hyogo Dynamics f o r  seeking a comprehensive planning, has been 
guided t o  Osaka p r e f ec tu r e  [ 9 ] ,  Miyagi p r e f e c tu r e  [ l o ] ,  and so  on 
Experience obtained through our research a c t i v i t i e s  has been 
highly apprec ia ted  by t h e  National Environment Agency prepar ing a 
new b i l l  f o r  an environment impact assessment.  
A s  a n a t u r a l  consequence of exper iences  gained through sev- 
e r a l  years  i n  system research  and development a c t i v i t i e s  wi th  
l o c a l  governments, an h p o r t a n t  i s s u e  has become c l e a r :  t h a t  i s ,  
t h e  n ece s s i t y  of re lax ing  t he  a d min i s t r a t i v e  c o n s t r a i n t s  and 
boundaries even on a hypo the t i c a l  b a s i s  t o  cope with problems 
t h a t  nay l ay  ac ross  more than one p r e f e c t u r e / c i t y  s imul taneously .  
A t  t h e  same t ime,  we have f e l t  t h a t  t h e r e  a r e  few r e a l l y  e f f e c -  
t i v e  methodologies e x i s t i n g  and working i n  t h e  c i t y  and l i t t l e  
reg iona l  planning t o  i n t e g r a t e  separa ted  and independent a n a l y t i -  
c a l  approaches-with some except ions ,  such a s  system dynamics, 
systems of s o c i a l  i n d i c a t o r s ,  n a r r a t i v e  scenar ios  with t e c h n i c a l  
s a n u a l s ,  and so on. 
Under t h e s e  c i r cums tances ,  t h e  Kinki IRDP p r o j e c t  ( 1 1 1  i s  
being i n i t i a t e d .  One o f  t h e  major concerns  is  t o  g e n e r a t e  a  
workable idea  of i n t e g r a t i o n  and c o o r d i n a t i o n .  
2 .  INTERACTIVE SL'UWTION SYSTEM FOR AIR POUUTION 
The s h i f t s  i n  energy demand and environmenta l  po l lu t io r .  i n  
Japan from t h e  f i s c a l  y e a r  1955 t o  t h e  f i s c a l  yea r  1972, when 
our  g r o u p ' s  a c t i v i t i e s  s t a r t e d ,  a r e  shown i n  F igure  2 .  While 
t h e  r e a l  GNP i n  t h e  f i s c a l  1972 was 5.1 t imes  b igger  than  t h a t  
of 1955, t h e  l e v e l  of  SOx and NOx i n c r e a s e d  more r a p i d l y  t h a n  
t h a t .  The growth of t h e  economy has  improved l i v i n g  s t a n d a r d s  
and t h e  conveniences of d a i l y  l i f e ,  b u t  i t  has  a l s o  caused un- 
desirable e f f e c t s  from t h e  s t a n d p o i n t  of environmenta l  conserva- 
t i o n .  Environmental p o l l u t i o n  has  been recognized a s  a  na t ion-  
wide problem, t h r e a t e n i n g  t h e  l i v i n g  and h e a l t h  eqvironment of 
n o s t  Japanese  people.  A s  a  r e s u l t ,  new a i r  q u a l i t y  s t a n d a r d s  
went i n t o  e f f e c t  i n  May 1973. 
Under t h i s  s i t u a t i o n ,  we dec ided  t o  b u i l d  an a i r  p o l l u t i o n  
s i m u l a t i o n  model and t o  implement an I n t e r a c t i v e  S imula t ion  Sys- 
tem f o r  A i r  P o l l u t i o n  us ing  t h i s  model i n  coopera t ion  wi th  t h e  
Hyogo p r e f e c t u r a l  government. Himeji C i t y  ( s e e  F igure  3 )  was 
s e l e c t e d  i n  o r d e r  t o  v e r i f y  t h e  model s o  t h a t  emiss ion d a t a  could  
be ob ta ined  i n  compliance wi th  t h e  agreement wi th  Hyogo p re fec -  
t u r e  and i i imeji  C i t y  f o r  exper imen ta l  r e s e a r c h  use .  Based on t h e  
Gaussian Plume model, though w e  have modif ied  it on t h e  b a s i s  of 
a  w e l l  e s t a b l i s h e d  s t a t i s t i c a l  method, t h e  e igh t -hour  average  
c o n c e n t r a t i o n  of SOx i n  t h e  daytime was c a l c u l a t e d  i n  an ep i sode  
c o n d i t i o n .  
The I n t e r a c t i v e  Simula t ion  System f o r  A i r  P o l l u t i o n  (ISSAP) 
was des igned t o  i d e n t i f y  t h e  e f f i c i e n c y  and f e a s i b i l i t y  of us ing 
a  computer-aided system f o r  t h e  s o l u t i o n  of an a i r  p o l l u t i o n  
problem. Th i s sys tem a l s o  provided an e v a l u a t i o n  t o o l  f o r  s i m u l a t -  
ing a i r  p o l l u t i o n  when performing urban planning and environmenta l  
c o n t r o l  p lanning.  Graphical r e p r e s e n t a t i o n  of s imula ted  r e s u l t s  
was g iven on t h e  IBM 2250 g r a p h i c  d i s p l a y  u n i t  a s  shown i n  F igure  
3. Any parameter  of  t h e  a o d e l ,  such a s  s t a c k  d a t a ,  me teoro log ica l  
daca and s i m u l a t i o n  a r e a  d a t a ,  can be e a s i l y  r e t r i v e a  and modif ied  
i n t e r a c t i v e l y  through t h e  sc reen  i n  t h e  course  of  s i m u l a t i o n .  
A s e r r e s  of demons t ra t ions  t o  t h e  e x e c u t i v e  o f f i c e r s  of l o c a l  
governments,  p r i v a t e  i n d u s t r i e s ,  and academic s o c l e t l e s  had i n -  
i t i a t e d  p o s i t l v e  d i s c u s s i o n  of t h e  power of  t h e  systems approach 
we had taken.  And t h e  Gaussian Plume model was i n c o r p o r a t e d  i n  
t h e  t o t a l  c o n t r o l  method b y  t h e  Environment Agency of Japan ; 1 2 ] .  
3. HYOGO DYNAMICS 
The aim of t h e  s t u d i e s  on t h e  I n t e r a c t i v e  Simula t ion  System 
f o r  A i r  P o l l u t i o n  was t o  s o l v e  2roblems f o r  a  s h o r t  pe r iod  and 
f o r  a  sma l l  r eg ion .  


In Himeji C i t y ,  dur ing t h e  pe r iod  from 1965 t o  1970, popula- 
t i o n  s h i f t s  i n d i c a t e d  a  g r e a t e r  t r e n d  toward u r b a n i z a t i o n  due t o  
i n d u s t r i a l i z a t i o n  i n  t h e  c o a s t a l  a r e a .  On t h e  o t h e r  hand, t h e r e  
a r e  about 2 0 0  s t a t i o n a r y  emlssion sources .  They belong t o  p l a n t s  
such a s  s t e e l  m i l l s ,  r e f i n e r i e s ,  power p l a n t s ,  and o t h e r s  loca ted  
along t h e  c o a s t l i n e  l i k e  many o t h e r  i n d u s t r i a l i z e d  c i t i e s  i n  
Japan.  A s  a  r e s u l t ,  a  l a r g e  p a r t  of t h e  c i t y  inc lud ing  t h e  urSan 
a r e a s  and nor the rn  suburban a r e a s  came t o  be a f f e c t e d  by p o l l u t -  
a n t s  owing, e s p e c i a l l y ,  t o  winds coming from t h e  Se to  In land Sea.  
Th i s  t e l l s  us  t h a t  t h e  environmental  i s s u e  is  not  on ly  r e l a t e d  t o  
environmental  p lanning and/or environment impact assessment  bu t  
a l s o  t o  r e g i o n a l  development p lanning and comprehensive planning.  
Thus, we have reached t h e  conc lus ion  t h a t  t h e  long-term and wide- 
range approach is  e s s e n t i a l  i n  o r d e r  t o  s o l v e  t h e  problem i n  a  
thorough way. 
Meanwhile, t h e  Hyogo p r e f e c t u r a l  government was about  t o  re-  
v i s e  t h e i r  e a r l i e r  comprehensive p l a n  s i n c e  i t  had tu rned  o u t  t o  
be i n s u f f i c i e n t  and n o t  sys temat ic .  The government had formed a  
p r o j e c t  group c a l l e d  t h e  Hyogo Dynamics P r o j e c t  Team 1 1 2 1 ,  and 
t h e  c o o p e r a t i v e  a c t i v i t y  wi th  us s t a r t e d  i n  May 1973. So, from 
t h i s  s t a n d p o i n t ,  our s tudy  s t a r t e d  from t h e  bottom l e v e l ,  namely, 
from a i r  p o l l u t i o n  s i m u l a t i o n ,  i n  t h e  p lanning h i e r a r c h y  a s  shown 
i n  F igure  4 .  
The coopera t ive  a c t i v i t y  was aimed a t  i n v e s t i g a t i n g  t h e  
s o l v i n g  of problems of environmental  d i s r u p t i o n ,  l and  u s e ,  t r a f -  
f i c  conges t ion ,  a n d i n d u s t r i a l  a c t i v i t i e s  n o t  only  by i n d i v i d u a l  
bu t  a l s o  by comprehensive approaches.  From t h e  viewpoint  of t h e  
h i e r a r c h i c a l  s t r u c t u r e  of p lanning,  t h e  aim can be i n t e r p r e t e d  
a s  a  seaxch f o r  a  t o o l  i n  e s t a b l i s h i n g  a  comprehensive p lan .  
Through t h i s  a c t i v i t y ,  a  system dynamics approach was s e l e c t e d  
and a  s i m u l a t i o n  model c a l l e d  Hyogo Dynamics was b u i l t .  
The Hyogo Dynamics Node1 is p r i m a r i l y  a  v e h i c l e  t o  a s s i s t  
t h e  Hyogo p r e f e c t u r e  i n  making t h e  New Comprehensive Plan.  The 
model has  two s e p a r a t e  purposes.  One is  t o  g i v e  warning a g a i n s t  
v a r i o u s  s o c i a l ,  r e g i o n a l  problems t h a t  would a r i s e  i f  t h e  e x i s t -  
ing  p o l i c i e s  a r e  followed: "what i f  nothing is  changed i n  t h e  
p r e s e n t  p o l i c i e s  f o r  growth?" The o t h e r  i s  t o  promote p e o p l e ' s  
unders tanding of t rade-off  r e l a t i o n s h i p s  among such problems a s  
environment, t r a f f i c ,  q u a l i t y  of l i f e ,  e t c .  
The Hyogo Dynamics i s  made up of f o u r  scenar ios1  popu la t ion  
s e c t o r ,  i n d u s t r y  s e c t o r ,  environmental  p o l l u t i o n  s e c t o r ,  and re-  
source  s e c t o r .  Each s e c t o r  i s  broken down i n t o  many f a c t o r s .  
The model g i v e s  a  s imula t ion  of t h e  whole p r e f e c t u r e  and t h e  
c o a s t a l  a r e a  f o r  up t o  50 years .  The c o n d i t i o n s  of 1970 a r e  
e n t e r e d  a s  i n i t i a l  v a l u e s .  Through t h e  model, it is  f o r e c a s t e d  
t h a t  t h e  popu la t ion  of t h e  c o a s t a l  r eg ion  w i l l  reach a  peak a t  
around 1990 t o  1995 [ 1 3 ] .  This  means t h a t  t h e  a c t i v i t i e s  i n  t h e  
c o a s t a l  r eg ion  w i l l  reach a  l i a i t  i n  t h e  f u t u r e .  A i r  p o l l u t i o n  
and water  shor tage  i n  t h i s  region w i l l  apparen t ly  become very  
s e r i o u s .  
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The outcomes from a  s e r i e s  of computer s i m u l a t i o n s  were pre- 
sen ted  t o  t h e  i n h a b i t a n t s  by holding r e g l o n a l  symposia, which took 
p lace  i n  d i f f e r e n t  subregions  of t h e  Hyogo p r e f e c t u r e ,  t o  o b t a i n  
p e o p l e ' s  agreement t o  and acceptance  of t r a d e - o f f s .  The op in ions  
r a i s e d  through t h e s e  processes  were r e f l e c t e d  i n  t h e  d r a f t  of t h e  
New Comprehensive Plan.  The governor of t h e  Hyogo p r e f e c t u r e  de- 
c ided  t o  adopt t h e  New Comprehensive Plan i n  Xarck 1979 : ; 4 ]  ; 
t h l s  would n o t  have been made p o s s i b l e  wi thout  ;he he lp  of t h e  
Syogo Dynamics which we have developed and t h e  suppor t  of t h e  
p r e f e c t u r a l  i n h a b i t a n t s .  
4 .  COMPUTER ASSISTED REGIONAL DEVELOPMENT PLANNING SYSTEM 
From our  exper ience  of developing computer systems f o r  en- 
v i ronmental  problems desc r ibed  s o  f a r ,  we can say t h a t  t h e  r o l e  
of t h e  computer is  n o t  only  t o  g a t h e r  d a t a  and p r e d i c t  t h e  pol-  
l u t i o n  l e v e l s  but  a l s o  t o  a s s i s t  t h e  p o l i c y  p lanners  i n  methods 
of b r i d g i n g  t h e  gap between t h e  g o a l  desc r ibed  i n  t h e  comprehen- 
s i v e  p lan and t h e  r e a l  problems t o  be so lved  i n  a reg ion .  
The planning process  i s  s a i d  t o  c o n s i s t  of comprehensive 
p lan  a s  a  v i s i o n  of comprehensive r e g i o n a l  development, a s  a  
v i s i o n  of r e g i o n a l  development p r o j e c t s ,  t h e  fundamental scheme 
of t h e  p r o j e c t s ,  t h e  b a s i c  p lan  of t h e  p r o j e c t ,  and t h e  p r o j e c t  
implementation plan a s  shown i n  F igure  5 .  From t h e  viewpoint  of 
t h e  p lanning p rocess ,  t h e  comprehensive r e g i o n a l  development p lan  
is merely a  v i s i o n  of t h e  e n t i r e  r e g i o n a l  development. A proposed 
plan of  a  s p e c i f i c  p r o j e c t  i s  supposed t o  be eva lua ted  by a  com- 
pa r i son  among a l l  t h e  a l t e r n a t i v e s  a t  each of t h e s e  s t a g e s .  The 
process  of p ick ing  o u t  an a l t e r n a t i v e  is  extremely impor tan t  be- 
cause  of c o n f l i c t s  among theproposed  p r o j e c t  p lans .  
A s  a  mat te r  of f a c t  [ 1 4  ] , t h e  New Comprehensive Plan es tab-  
l i s h e d  by t h e  Hyogo p r e f e c t u r a l  government expresses  t h e  n e c e s s i t y  
of developing a  computer system t o  manage r e g i o n a l  development 
p r o j e c t s  i n  o r d e r  t o  make t h e  comprehensive p lan  more o p e r a t i o n a l .  
In o t h e r  words, i t  is  necessary  t o  develop a  system t h a t  l i n k s  
t h e  comprehensive plan and a  r e g i o n a l  development p lan .  Thus, 
t h e  j o i n t  r e s e a r c h  on t h e  CARPS was s t a r t e d  i n  e a r l y  1 9 7 5 .  
There a r e  two o b j e c t i v e s  of t h e  j o l n t  r e s e a r c h .  One i s ,  
from t h e  viewpoint  of t h e  p lanning p rocess ,  t o  e s t a b l i s h  a  manage- 
ment system o r  a management procedure t h a t  can be used by a  con- 
cerned planner  who makes and e v a l u a t e s  a  d e t a i l e d  p lan  based on 
t h e  comprehensive plan.  The o t h e r  is t o  e s t a b l i s h  t h e  concepts  
and t o  develop an experimental system t o  r e a l i z e  t h i s  management 
system from t h e  s t a n d p o i n t  of computer technology.  
The CARPS i s  an I n t e r a c t i v e  Computer System which handles  
r e g i o n a l  s t a t i s t i c  d a t a  and s imula t ion  models and o u t p u t s  gener-  
a t e d  informat ion on a  d i s p l a y  u n i t  enhancing t h e  communcation 
between t h e  computer system and t h e  p o l i c y  p lanner  ( F i g u r e s  6 and 
7 ) .  The planning work i s  usua l ly  performed i n  a  ve ry  "unformatted" 
o r  "nonprocedural" way. I n  o r d e r  t o  make it p o s s i b l e  f o r  a  com- 
p u t e r  t o  a s s i s t  p lanners  i n  such a  manner, t h e  CARPS prov ides  two 
unique f u n c t i o n s :  one is t h e  I n t e r a c t i v e  Table Data Operat ion and 
t h e  o t h e r  t h e  I n t e r a c t i v e  Hodel Operat ion [ 7 ,  8 1 .  
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The I n t e r a c t i v e  Table Data Operat ion handles  a  t a b l e  format  
d a t a  base  of v a r i o u s  types  of d a t a  inc lud ing  r e g i o n a l  s t a t i s t i c  
d a t a  and time s e r i e s  d a t a .  The d a t a  can be r e t r i e v e d  and modi- 
f i e d  through a  d i s p l a y  t e rmina l .  These t a b l e  d a t a  can a l s o  be 
used a s  an i n p u t  t o  s imula t ion  models o r  a p p l i c a t i o n '  subsystems.  
The Model Operation f a c i l i t y  i n c o r p o r a t e s  any predef ined model 
and l i n k s  it t o  o t h e r  models i n  an i n t e r a c t i v e  way. ?or example, 
t h e  GNP model can be executed independent ly  and it can a l s o  be 
combined wi th  o t h e r  models under t h e  c o n t r o l  of t h e  I n t e r a c t i v e  
Model Operation.  
The CARPS thus  aims a t  g i v i n g  a s s i s t a n c e  i n  making mul t i -  
s t a g e  assessment ( s e e  F igure  8 )  of r e g i o n a l  development p r o j e c t s  
from t h r e e  a s p e c t s :  from t h e  higher  l e v e l  p l a n s  such a s  t h e  
long-range comprehensive p l a n ,  from t h e  r e s t r i c t i v e  s t a n d a r d s  
such a s  t h e  l e g a l  r e s t r i c t i o n s ,  and from rmpacts of t h e  p r o j e c t  
such a s  environmental  impacts. On t h e  o t h e r  hand, procedures  
t h a t  a r e  a l r e a d y  s e t  f o r  p lanning can be b u i l t  i n  t h e  CARPS a s  
a p p l i c a t i o n  subsystems depending on s p e c i f i c  requirements .  
5 .  TOWARDS THE K I N K 1  IRDP 
A s  mentioned e a r l i e r ,  t h e  fas t -growing economy i n  Japan has 
brought about  v a r i o u s  s o c i a l  s t r a i n s .  I n  urbanized and indus-  
t r i a l i z e d  r e g i o n s ,  over-popula t ion,  t r a f f i c  and housing conges- 
t i o n ,  environmental  d e t e r i o r a t i o n  caused by p o l l u t i o n  and water  
and energy s h o r t a g e s  have come t o  be recognized a s  s e r i o u s  prob- 
lems. In  t h e  meantime, i n  suburban and r u r a l  a r e a s ,  t h e  r e s u l t -  
i n g  r a p i d  u r b a n i z a t i o n  and i n d u s t r i a l i z a t i o n  have caused des t ruc -  
t i o n  of t h e  n a t u r a l  environment and t r a f f i c  congest ion.  A l l  
t h e s e  hazards  were c l e a r l y  revea led  a f t e r  t h e  so -ca l l ed  o i l  shock 
of 1973  and t h e  d i s p o s i t i o n  of t h e  i s s u e s  has been l e f t  t o  t h e  
c e p t r a l  and/or l o c a l  governments who ought t o  r e s o l v e  them t o  
some e x t e n t .  
A t  t h e  same t ime ,  t h e  Kinki r e g i o n ,  which comprises seven 
p r e f e c t u r e s  (Osaka, Kyoto, Kyogo, Sh iga ,  Nara, Wakayama, and t h e  
southern  p a r t  of F u k u i ) ,  have begun t o  exper ience  t h e  same kind 
of s o c i a l  problems, such a s  uneven popu la t ion  d i s t r i b u t i o n ,  im-  
balances  i n  product ion and income l e v e l s  w i t h i n  t h e  r e g i o n ,  r e l a -  
t i v e  decay of a g r i c u l t u r a l  a c t i v i t y ,  environmental  d e t e r i o r a t i o n  
i n  h igh ly  i n d u s t r i a l i z e d  zones, wa te r  s h o r t a g e s ,  and t r a f f i c  and 
housing congest ion a s  shown i n  F igure  9 .  
The Kinki region is  l o c a t e d  about 500 km west t o  Tokyo. I t  
c o n t a i n s  t h e  Kyoto-Osaka-Kobe i n d u s t r i a l  complex, t h e  second 
l a r g e s t  I n d u s t r i a l  complex, which depends mainly on t h e  n a t i o n ' s  
l a r g e s t  l a k e ,  Biwa, a s  a  source  of water .  I n  a d d i t i o n ,  Kinki i s  
t h e  c o u n t r y ' s  most important  h i s t o r i c  region.  The c i t i e s  of 
Kyoto and Nara, world-famous o l d  c a p i t a l s ,  a r e  l o c a t e d  i n  t h e  
c e n t e r  of Kinki. These c i t i e s  and t h e i r  surrounding a r e a s  a r e  
working hard t o  p rese rve  t h e  many h i s t o r i c  s i t e s  and c u l t u r a l  
a s s e t s ,  t r a d i t i o n a l  a r t s ,  f e s t i v a l s ,  and customs t h a t  a r e  s o  
much a  p a r t  of t h e  peoples  h e r i t a g e  and d a i l y  l i v e s .  The Kinki 
r eg ion  1s t h u s  considered a s  a  fundamental u n i t  f o r  d e f i n l n g  and 
s o l v i n g  t h e  p r o b l h a t i q u e ,  having a  common s o c i e t a l ,  c u l t u r a l ,  
and h i s t o r i c a l  background. 


Faced wi th  these  s o c i a l  problems brought about by a h igh 
r a t e  of growth and t h e  f a c t  t h a t  Japan must r e l y  on imported 
a a t e r i a l s  ( e . g . ,  o i l ) ,  t h e  n a t i o n  has begun t o  recons ider  and 
modify i t s  a t t i t u d e s  and examine f u t u r e  socioeconomic development 
and l and  use planning. A s  a consequence, a s  t h e  p h i l o s o p h i c a l  
g u i d e l i n e  f o r  a long-range comprehensive r e g i o n a l  development 
p l a n ,  the  c a b i n e t  approved SANZENSO ("The Third Comprhensive De- 
velopment Plan of the  Nation" i n  Zngl ish)  on 3 November, 1977 
[ 1 6 ] .  I n  it s e v e r a l  new and advanced concepts  a r e  explored and 
proposed and it  i s  recommended t h a t  t h e  r e g i o n a l  development 
p lans  f o r  t h e  coming 10 t o  20 years  should be based on it. 
Some of the  major concepts a r e  a s  Follows: 
- Decent ra l i za t ion  of func t ions  of t h e  met ropo l i s .  
- Implementation of t h e  human s e t t l e m e n t  s t r a t e g i e s  among 
l o c a l  communities. 
- Xanagement and a l l o c a t i o n  of human a c t i v i t i e s  i n  an 
opt imal  way throughout t h e  na t ion .  
- Establishment of s o c i a l  and phys ica l  s e c u r i t y .  
- Promotion of  i n d u s t r i a l  a c t i v i t i e s  i n  a fash ion  co- 
o r d ~ n a t e d  wi th  n a t u r a l ,  l i v i n g ,  and a c u l t u r a l  environ- 
ment. 
I t  i s  a l s o  s a i d  t h a t  t h e  n a t i o n a l  land use  informat ion 
should be c o l l e c t e d  f o r  a p p r o p r i a t e  p lanning purposes.  
On t h e  o t h e r  hand, we have recognized c e r t a i n  i n e v i t a b l e  
c h a r a c t e r i s t i c s  when conducting resea rch  on urban/regional  devel-  
opment programs though our  va r ious  resea rch  exper iences .  Some 
of them a r e :  
(i)  . One s p e c i f i c  region cannot be i s o l a t e d  o r  handled a s  
a c losed  system s i n c e  t h e  problem i n  t h a t  p a r t i c u l a r  r eg ion  o f t e n  
i n t e r a c t s  heav i ly  wi th  problems o u t s i d e  t h e  region bes ides  t h e  
problems wi th in  t h e  reg ion ,  a s  shown i n  Figures  10, 11, and 1 2 .  
( i i ) .  aecause of t h e  i n t e r d i s c i p l i n a r y  na tu re  of t h e  re- 
g i o n a l  development problem caused by socioeconomic e f f e c t s  and 
by t h e  behavior of t h e  i n n a b l t a n t s ,  we s t r o n g l y  f e e l  t h e  neces- 
s l t y  of exp lor ing  d i v e r s e  methodologies t o  s e e  i f  they can be 
app l ied  ( s e e  Figure  13) . 
i i i i ) .  Furthermore, t h e r e  a r e  s t i l l  some problems l e f t  i n  
t h e  a r e a  of impact assessment.  Impacts vary wi th  in f luenc ing  
elements and d u r a t i o n  of e f f e c t s .  For example, i f  an i n d u s t r i a l  
park i s  in t roduced t o  a reg ion ,  chough expect ing b e t t e r  r e g i o n a l  
environment formation,  the  func t ion  of  impact assessment w i l l  
f o r e c a s t  multidimensional impacts caused by implementing the  
p r o j e c t  by s e t t i n g  up t h e  network connecting seemingly i s o l a t e d  
problems. 
One answer a t  p resen t  t o  t h e  above problems i s  t h a t  the  re- 
sea rch  has t o  be conducted t o  support  t h e  p lanners  t o  some e x t e n t  
i n  t h e i r  decision-making processes  us ing computer systems. That 
i s ,  the  r o l e  of t h e  computer i n  so lv ing  t h e s e  kind of problems 
was t o  g a t h e r  da ta  and p r e d i c t  t h e  impact l e v e l .  But it should 
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F i g u r e  13. Con t inued .  
a s s i s t  t h e  p o l i c y  p lanners  i n  making a  complex r e g i o n a l  p lan  t h a t  
1s supposed t o  be b e n e f i c i a l  t o  t h e  people of t h e  concerned re- 
g ion  beyond t h e  p r i m i t i v e  r o l e .  That  i s ,  computer systems a r e  
expected t o  play an e f f e c t i v e  r o l e  a s  d e c i s i o n  suppor t  systems 
(DSS) i n  urban and r e g i o n a l  p lanning.  We a r e  t r y i n g  t o  e s t a b l i s h  
such a  system t h a t  can p r e d i c t  p r o j e c t  i n p a c t s  zoncernlng v a r i o u s  
- .  
elements  such a s  popu la t ion ,  employment, p roduc t ion ,  income, :I- 
nance, and l i v i n g  environment. 
6 .  K I N K 1  IRDP (INTEGRATED REGIONAL DEVELOPMENT PROGRAM) 
6 . 1 .  Goals,  Objec t ives ,  and Scope [ l l ,  171 
The goa l  of t h e  Kinki IRDP P r o j e c t  i s  t o  apply  systems an- 
a l y s i s  methodologies i n  t h e  development of a  comprehensive re-  
g i o n a l  p lan  t h a t  can form a  sound and prosperous  base  f o r  t h e  
f u t u r e  development of t h e  Kinki r eg ion ,  from t h e  informat ion 
supply p o i n t  of view. The r e g i o n a l  development p l a n  must encom- 
pass  va r ious  subreg iona l  c h a r a c t e r i s t i c s  and g o a l s  and enhance 
t h e  q u a l i t y  of l i f e  of t h e  reg ion .  
6 .2 .  Ant ic ipa ted  Resu l t s  [ 11 I 
The a n t i c i p a t e d  r e s u l t s  i n  t h e  Kinki IRDP p r o j e c t  may be 
summarized a s  fo l lows.  
( i ) .  S t r u c t u r a l  i d e n t i f i c a t i o n  and a n a l y s i s  of t h e  r e g i o n a l  
problematique by t h e  use of advanced systems methodologies,  and 
sugges t ions  f o r  r e l e v a n t  r e g i o n a l  p o l i c i e s  t o  d e a l  wi th  i t .  
(i i) .  Generat ion of views on t h e  f u t u r e  r e g i o n a l  s i t u a t i o n ,  
normative o r  seminormative. 
(iii). Suggest ions  f o r  new concepts  of r e g i o n a l  p lanning 
and management, and sugges t ions  f o r  r e g i o n a l  development guide- 
lines, socioeconornetric and c u l t u r a l  o b j e c t i v e s ,  and c o n s t r a i n t s  
wi th  r e s p e c t  t o  t h e  environment and a v a i l a b l e  r esources .  
( i v ) .  Funct ional  des ign and f e a s i b i l i t y  t e s t  of systems 
methodologies and t h e  computer suppor t  system, inc lud ing  t h e  con- 
s t r u c t i o n  of an exper imenta l  data.  base  and demonstra t ion packages. 
( v ) .  Communication between c e n t r a l  and l o c a l  a d m i n l s r r a t l v e  
a u r h o r i t i e s  and t h e  i n d u s t r i a l  and commercial s e c t o r s .  
( v i ) .  Technology t r a n s f e r  t o  and from o t h e r  i n s t i t u t i o n s ,  
e . g . ,  IIASA ( I n t e r n a t i o n a l  I n s t i t u t e  f o r  Applied Systems Analy- 
s 1 s )  . 
The r e s e a r c h  activities a r e  c u r r e n t l y  conducted under t h e  
IBM p a r t n e r s h i p  program c o n t r a c t  between JAACE ( t h e  Japan Asso- 
c i a t i o n  of Automatic Control  Engineers)  and IBM Japan f o r  two 
years  s t a r t i n g  1 January ,  1977. The n a t u r e  of t h e  r e s e a r c h  ob- 
j e c t i v e ,  scope,  and anticipated r e s u l t s  a r e  expected t o  be h igh ly  
b e n e f i c i a l  i n  terms o f :  
( i )  . I s s u e s  i n  t h e  Kinki r eg ion  cou ld  be common i s s u e s  
anywhere i n  Japan and anywhere e l s e  i n  t h e  world a s  we l l .  
( i i ) .  There could be e x t e n s i v e  a p p l i c a t i o n  of e s t a b l i s h e d  
and new methodologies,  o r  a  combination of bo th ,  i n t o  t h e  socio-  
economic environment,  more s p e c i f i c a l l y ,  t o  t h e  IRD Program. 
The f u n c t i o n a l  r o l e  of each p a r t n e r  based on h i s  p rev ious  
exper iences  i s  shown i n  F igure  1 4 .  
6 3 Systems Methodologies [ I  1 ,  171  
Another a s p e c t  of t h e  o b j e c t i v e  i s  t h a t  i t  should make f u l l  
use of a  v a r i e t y  of advanced methodologies e x i s t i n g  f o r  systems 
approaches t o  a  complex probl6matique and should  check t h e i r  con- 
c e p t u a l  and methodological  f e a s i b i l i t i e s  i n  che IRDP a p p l i c a t i o n .  
These methodologies inc lude  
- system s t r u c t u r e  i d e n t i f i c a t i o n  and a n a l y s i s  
- f o r e c a s t i n g  
- modeling 
- e v a l u a t i o n  and optimization/decision-making 
- computer a s s i s t e d  t echn iques .  
A s  t o  t h e  l a s t  i tem, e f f i c i e n t  u t i l i z a t i o n  of  computer- 
a s s i s t e d  techniques  is important  f o r  t h e  p r o j e c t .  These a r e :  
( i ) .  I n t e r a c t i v e  computing. I n  o r d e r  t o  i n c o r p o r a t e  ex- 
p e r i e n c e s ,  va lue  systems and planning know-how i n t o  t h e  i n t e g r a l  
model, an i n t e r a c t i v e  approach is  e s s e n t i a l .  Model management, 
o p e r a t i o n a l  f u n c t i o n s ,  and data-handl ing management is t o  be in-  
t e g r a t e d  i n  a  computer system. 
( i i ) .  Display technology.  I n  o rde r  t o  a c c e l e r a t e  communi- 
c a t i o n s  among p l a n n e r s ,  model developers  and o t h e r  involved 
p a r t i e s ,  d i s p l a y  t e r m i n a l s  a r e  used e x t e n s i v e l y .  
The mat r ix  of t h e  problem a r e a s  i n  t h e  IRD Program and sys- 
tem methodologies is i n d i c a t e d  i n  F igure  1 5 .  Computer-assisted 
t echn iques  a r e  cons ide red  t o  be c r o s s - s e c t i o n a l .  
6 . 4 .  I n t e r i m  Resu l t s  of t h e  Kinki IRDP 
To d a t e ,  most r e s e a r c h  a c t i v i t i e s  have been devoted t o  t h e  
development of i n d i v i d u a l  methodologies and how they  could be 
a p p l i e d  t o  t h e  r e a l  p r o b l b a t i q u e  i f  a t  a l l .  
Structural Identification and AnaLysis of 3egionaL ?roblBmacique 
Extended v e r s i o n  of F igures  1 1 and 1 2  were developed among 
i n t e r e s t e d  r e s e a r c h e r s  t o  expose v a r i o u s  a s p e c t s  of t h e  p r o b l h -  
a t i q u e  commonly seen i n  t h e  u rban / reg iona l  development program. 
The s t r u c t u r a l  r e l a t i o n s ,  by DEMATEL, among c ross - reg iona l  
a t t r i b u t e s  a r e  shown i n  Figure  16 and i n t e r r e g i o n a l  a n a l y s i s  i s  
a l s o  r e p o r t e d  a s  j o i n t  d i s c u s s i o n s  wi th  l o c a l  government o f f i c e r s  
[ 18 I . The i n t e r p r e t a t i o n  sugges t s  t h a t :  
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F i g u r e  1 6 .  R e l a t i o n s h i p s  among r e g i o n a l  problems.  
Source  : [ 1 1 ] . 
( i ) .  The IRDP model must be based on t h e  r e g i o n a l  economic 
framework, a s  w e  have e m p i r i c a l l y  exper ienced,  even i f  t h e  i m -  
pac t  of a  p r o j e c t  such a s  a  new a i r p o r t  c o n s t r u c t i o n  i s  t o  be 
assessed .  
( i i ) .  There seems t o  e x i s t  some kind of h ie ra rchy  among 
t h e  reg ions .  From t h i s  we suggest  a network of i n t e r r e g i o n a l  
models a s  shown i n  F igure  1 7 .  
G e n e r a t i o n  o  j Views on  Pu t u r e  Regiona L S i t u a t i o n s  
Before we g e t  i n t o  t h e  i n t e r r e g i o n a l  model, a  n a t i o n a l  l e v e l  
model and/or a  whole region model is developed fol lowing t h e  in-  
t e r p r e t a t i o n  o f t h e  i n t e r r e g i o n a l  s t r u c t u r e  dur ing  t h e  s t r u c t u r e  
i d e n t i f i c a t i o n  process.  
The whole-regional (country  l e v e l )  model [19, 201 and t h e  
subreg iona l  model [ I  51 ( p r e f e c t u r e  l e v e l )  a r e  b u i l t  based on t h e  
m u l t i o b j e c t i v e  linear-programming method a s  a  resea rch  ex tens ion  
of t h e  method app l ied  t o  reg iona l  land-use planning [ 2 1 1 .  
A normative view of t h e  coun t ry - leve l  s i t u a t i o n  is now 
e a s i l y  seen from t h e  IBM 3270 t e r m i n a l  [ 2 2 ]  . The model has  under- 
gone a  r e s t r u c t u r i n g  based on t h e  Kinki IRDPM [231  t o  g i v e  f u l l  
i n t e r a c t i v e  f a c i l i t y  f o r  good parameter s e t t i n g .  
,!Jew Concepts  o  j RegionaL Planning  and Management 
F u l l  i n t e r a c t i v e  c a p a b i l i t y  i s  put  i n t o  t h e  country  l e v e l  
normative-planning model a s  an e x t e n s i o n  model of Kinki IRDPM 
1231 .  The resea rch  o b j e c t i v e  is  t o  g i v e  t h e  planner  a  new a i -  
mension so  t h a t  he can use  t h e  t e rmina l  t o  s e e  t h e  r e s u l t  of  
normative-planning s imula t ion  and change t h e  parameter dynamic- 
a l l y ,  a s  is done i n  t h e  r e a l  policy-making environment. 
The concept is  an ex tens ion  of t h e  linear-programming ver-  
s i o n  of  s u r r o g a t e  worth t rade-off  being developed a s  a  whole 
region model and a  subreg iona l  model. Some s o f t  c o n s t r a i n t s  can 
be changed upon p l a n n e r ' s  r eques t  [ 1 9 ,  24, 251 . 
To r e s o l v e  c o n f l i c t s  such a s  between t h e  t r ea tment  c o s t  and 
t h e  degree  of  p o l l u t i o n ,  we u s u a l l y  t r y  t o  f i n d  a  s o l u t i o n  t h a t  
minimizes both.  But we seldom have t h e  f u l l  informat ion requ i red  
f o r  t h e  u t i l i t y  func t ion  t h a t  determines  t h e  p re fe rence  a t t i t u d e  
of t h e  d e c i s i o n .  For t h i s  kind of problem, ICOM ( I n t e r a c t i v e  
Coordinatewise Optimization Method) has been developed t o  seek 
f o r  a  r e g i o n a l  c o n f l i c t  s o l u t i o n  a long t h e  Yodo r i v e r  bas in  [ 2 6 ,  
2 7 1 .  
Another approach t o  t h e  rnu l t iob jec t ive  problem i s  t o  o b t a i n  
a  m u l t i a t t r i b u t e  u t i l i t y  func t ion  s t a r t i n g  from a  p re fe rence  
h ie ra rchy .  This is  a l s o  being app l ied  t o  t h e  Yodo r i v e r  [ 2 8 ] .  

Functional Design and 2easibiLity I'ast of Systems Methodoiogies 
A new type  of m u l t i o b j e c t i v e  o p t i m i z a t i o n  c a l l e d  ICOM is  
put  i n t o  t h e  IBM CALL/370 systems t o  encourage f u l l  i n t e r a c t i v e  
c a p a b i l i t y .  
An exper imenta l  r e g i o n a l  d a t a  base  is b u i l t  on IBIY CALL/370 
t o  handle seven p r e f e c t u r e s  i n  Kinki.  Data a r e  t aken  from v a r l -  
ous  s t a t i s t i c a l  books. 
Communication between CenzraL and Local Administrative Authorities 
One of t h e  most v i t a l  a s p e c t s  of  t h e  socioeconomic system 
and t h e  r e g i o n a l  development program is t h e  communication between 
r e s e a r c h e r s  and decision-makers: c e n t r a l  and l o c a l  admin i s t ra -  
t i v e  a u t h o r i t i e s .  
A p o s i t i v e  e f f e c t  could a l s o  be expected i f  a  proper  feed- 
back i s  ensured f o r  t h e  two groups.  To do t h i s  we have had work- 
shops and/or i n v i t e d  l e c t u r e s  a s  t a b u l a t e d  i n  Figure  1 8 .  
7 .  CONCLUDING REMARKS 
Figure  1 9  through t o  Figure  2 1  r e p r e s e n t  a  conceptual  p ic-  
t u r e  of t h e  Kinki IRDP r e s e a r c h  d i r e c t i o n s  t o  d r i v e  i n d i v i d u a l  
r e s e a r c h e r s .  
I n  t h e  l a s t  h a l f  of t h e  Kinki IRDP, t h e  r e s e a r c h  a c t i v i t i e s  
a r e  matr ixed i n  f o u r  r e s e a r c h  groups by t h e  r e s e a r c h  l a b o r a t o r y  
of each i n d i v i d u a l  s c h o l a r .  These f o u r  groups a r e :  
- new Kansai a i r p o r t  assessment 
- s o c i a l  i n d i c a t i c n  and popu la t ion  dynamics 
- resources  (water  and energy system) 
- comprehensive plan.  
We expec t  t h e  Kinki IRDP r e s e a r c h  a c t i v i t i e s  t o  be 
b e n e f i c i a l  t o  academic s o c i e t i e s  and t h a t  r e sea rch  r e s u l t s  should 
be fed  back t o  t h e  s o c i e t i e s  f o r  t h e  b e n e f i t  of bo th  r e g i o n a l  
i n h a b i t a n t s  and s o c i e t i e s .  
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ABSTRACT 
The method of DEMATEL (Decis ion Yaking T r i a l  and Evalua- 
t i o n  Laboratory)  was a p p l i e d  t o  i d e n t i f y i n g  an i n t e g r a t e d  re-  
g i o n a l  development problem s t r u c t u r e ,  wi th  Hyogo p r e f e c t u r e  i n  
Kinki ,  Japan,  a s  t h e  sample region.  The p r e f e c t u r e  i s  div ided  
i n t o  s i x  subregions  according t o  t h e i r  c h a r a c t e r s ,  and t h e  aim 
of t h e  t r i a l  was t o  i d e n t i f y  t h e  s t r u c t u r e  of t h e  i n t r a p r e f e c -  
t u r a l  p r o b l b a t i q u e ,  a s  w e l l  a s  t h a t  e x i s t i n g  i n  connect ion wi th  
s i x  reg ions  o u t s i d e  t h e  Hyogo p r e f e c t u r e .  
1 . INTRODUCTION 
T h i s  r e p o r t  i s  concerned wi th  t h e  procedure and t h e  r e s u l t s  
of an experimental t r i a l  of application of t h e  DEMATEL technique 
[ I ] ,  f o r  t h e  i d e n t i f i c a t i o n  of i n t e g r a t e d  r e g i o n a l  problem s t r u c -  
t u r e  i n  Hyogo p r e f e c t u r e ,  Kinki,  Japan. 
The experiment was i n i t i a t e d  t o  e x p l o r e  new dimensions of 
ae thodo log ies  i n  t h e  course  of our  Kinki IRDP ( I n t e g r a t e d  Re- 
g i o n a l  Development Program) and was motivated a s  fo l lows .  
- The problem interdependency and complexity e x i s t i n g  i n  
t h e  Kinki r eg ion  a r e  shown i n  Table 1 .  
- Most of  t h e  b a s i c  problems l i e  beyond a d m i n i s t r a t i v e  
boundarres ( p r e f e c t u r a l  boundar ies )  and a r e  in terdepen-  
d e n t  wi th  each o t h e r ,  i n  v a r i o u s  p a t t e r n s .  
- The n a t u r e  of every  problem impl ies  t h e  need f o r  i n t e r -  
d i s c i p l i n a r y  i n v e s t i g a t i o n .  

The purpose of the  p r e s e n t  work is: 
- t o  i n v e s t i g a t e  t h e  a p p l i c a b i l ~ t y  and e f f e c t i v e n e s s ,  and,  
a t  the  same t ime,  drawbacks of t h e  DEMATEL technique i n  
t h e  IRDP s tudy 
- t o  use DEMATEL a s  a  t o o l  f o r  promoting IRDP s tudy  from 
an a d m i n i s t r a t i v e  o r  p r o j e c t  management a s p e c t .  
The f i r s t  q u e s t i o n ,  the  e f f e c t i v e n e s s  of t h e  method, i s  t o  
be i n v e s t i g a t e d  from v a r i o u s  v iewpoints  such a s :  
- whether it is u s e f u l  f o r  quick and easy g e n e r a t i o n  of in-  
s i g h t  i n t o  t h e  region 
- whether it is  e f f e c t i v e  f o r  v i s u a l  g r a s p  of s t r u c t u r e  of  
t h e  r e g i o n a l  problgmatique 
- whether it is  f e a s i b l e  f o r  s i m p l i f i c a t i o n  and breakdown 
of t h e  r e g i o n a l  problgmatique f o r  f u r t h e r  IRDP s t u d i e s  
such a s  t h e  b u i l d i n g  of a  q u a n t i t a t i v e  model 
- whether it is  accep tab le  f o r  t h e  people  o u t s i d e  t h e  sys- 
tems approach group,  such a s  t h e  people  i n  l o c a l  govern- 
ment. 
The second q u e s t i o n  on u s e f u l n e s s  a s  a  p r o j e c t  management 
t o o l  is  r a i s e d  i n  connect ion wi th  t h e  fo l lowing c o n s i d e r a t i o n s :  
- i t  i s  important  t o  g e t  some common view of t h e  p r e s e n t  
p rob lena t ique  and a  d e c i s i o n  on the  f u t u r e  goa l  by t h e  
a s s o c i a t e d  r e s e a r c h e r s  
- it is  then necessary  t o  o b t a i n  a  consensus on how t o  pro- 
ceed wi th  t h e  p r o j e c t ,  r e f e r r i n g  t o  t h e  h i e r a r c h i c a l  p ic-  
t u r e  ob ta ined  above. 
The s tudy has  been conducted by a  group c o n s i s t i n g  of f o u r  
systems a n a l y s t s  and some s t a f f  of t h e  Planning Department of 
Hyogo p r e f e c t u r e .  Hyogo p r e f e c t u r e  has been chosen a s  t h e  sample 
region because,  f i r s t ,  t h e  s t a f f  have been much i n t e r e s t  and a r e  
exper ienced i n  systems approaches t o  r e g i o n a l  problems, and 
second, Hyogo p r e f e c t u r e  1s a  kind of epitome of t h e  Kinki region 
o r  even of t h e  whole of Japan i n  s o c i e t a l  c h a r a c t e r s ,  e . g . ,  Hyogo 
p r e f e c t u r e  has  very dense and i n d u s t r i a l i z e d  p a r t s  a s  we l l  a s  very 
s p a r s e  and less-developed p a r t s  i n  t h e  p r e f e c t u r e .  
2 .  A PROFILE OF HYOGO PREFECTURE 
Hyogo p r e f e c t u r e  is l o c a t e d  j u s t  west of t h e  geograph ica l  
c e n t e r  of t h e  mainland ( c a l l e d  "Honshu") Japan and belongs t o t h e  
Kink1 reg ion .  From t h e  nor th  and sou th  it is  bounded by coas t -  
l i n e s  of t h e  Japan Sea and t h e  Se to  In land  Sea ,  r e s p e c t i v e l y .  
The e a s t  extends  t o  and i s  bounded by t h e  Osaka and Kyoto prefec-  
t u r e s ,  and t h e  west by t h e  Chugoku reg ion  ( s e e  Figure  1 ) .  
Some s t a t i s t i c a l  d e t a i l s  a r e  l i s t e d  i n  Table 2 .  Hyogo i s  
the  12th i n  a r e a  i n  Japan ( t h e  1st i n  t h e  Kinki r e g i o n ) ,  t h e  6th 
i n  popu la t ion  ( t h e  2nd i n  Kinkl)  and i n  t h e  f i e l d  of i n d u s t r i a l  
a c t i v i t i e s  it i s  t h e  t o p  o r  t h e  second i n  i r o n  and s t e e l ,  t r a n s -  
p o r t  equipment and i n  food products .  The growing problgmatique 
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F i g u r e  1 .  Hyogo p r e f e c t u r e  and Kinki  r e g i o n .  
Table 2 .  P r o f i l e  of Hyogo p r e f e c t u r e .  
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source  ( 5 1  
has r a p i d l y  appeared because of r a p i d  u r b a n i z a t i o n  a long t h e  
south  c o a s t l i n e  due t o  p u l l i n g  popu la t ion  o u t  of t h e  r u r a l  d i s -  
t r i c t s  a s  shown i n  Figures  2 and 3 .  The u r b a n i z a t i o n  and indus- 
t r i a l i z a t i o n  t o  t h e  e x t e n t  of i t s  p h y s i c a l  and/or environmental  
l i m i t s  c a l l s  f o r  an  advanced IRDP approach t o  cope wi th  compre- 
hensive  programs a s s o c i a t e d  wi th  t h e  p h y s i c a l  environmental  
probl6matique i n  o r d e r  t o  g i v e  r e g i o n a l  i n h a b i t a n t s  a  b r i g h t e r  
f u t u r e .  
On t h e  o t h e r  hand, Hyogo p r e f e c t u r e  has had an i n t e n s i v e  
a t t i t u d e  towards a  systems approach ("Kyogo Dynamics" [ 3 ] )  f o r  
long-range comprehensive planning and "PIAS/CARPS"[4] f o r  a  re-  
g i o n a l  development p lanning system a s  a  means f o r  s o c i a l  coordi -  
nation. However, t h e  p r e f e c t u r e  i s  s t i l l  looking f o r  a  new 
p r a c t i c a l  methodology and/or approach t h a t  can be app l i ed  a t  t h e  
p r e f e c t u r e - l e v e l  planning.  

3 .  SELECTION OF APPLICATION AND PURPOSE OF STUDY 
Tke Hyogo p r e f e c t u r e  s t a f f ,  having p r a c t i c a l  exper ience  i n  
r e g i o n a l  p lanning,  expect  DEMATEL t o  be employed a s  a  methodol- 
ogy f o r  p r a c t i a l  planning i f  it i s  proven t o  work s u c c e s s f u l l y .  
But why t h i s  kind of e x p e c t a t i o n  has  been r a i s e d  should  f i r s t  be 
exp la ined .  
Since  t h e  exper ience  of t h e  so -ca l l ed  o i l  shock i n  1 9 7 3 ,  
many p lans  have had t o  be reviewed and be modified i n  t h e  Hyogo 
p r e f e c t u r e ,  a s  i n  many o t h e r  p r e f e c t u r e s  and i n  Japanese  c e n t r a l  
government, over  t h e  e n t i r e  p lanning hor izon.  And t h e  c a p a c i t y  
of t h e  n a t u r a l  environment, s u b j e c t e d  t o  i n c r e a s i n g  p o l l u t i o n  
emi t t ed  by i n d u s t r i a l  a c t i v i t y  and urban l i f e ,  t o g e t h e r  wi th  t h e  
s h o r t a g e  of n a t u r a l  r e s o u r c e s ,  e s p e c i a l l y  t h a t  of energy re-  
s o u r c e s ,  has become a  dominant f a c t o r  t h a t  i s  considered t o  con- 
s t r a i n  economic growth a s  desc r ibed  by t h e  GNP. 
There fo re ,  v a r i o u s  symptoms such a s  environmental  p o l l u t i o n ,  
d e s t r u c t i o n  of t h e  n a t u r a l  e c o l o g i c a l  system and n a t u r a l  beauty ,  
l ack  of l i v e l i h o o d  and c a p i t a l  s t o c k ,  and unbalanced a l l o c a t i o n  
of popu la t ion  and economic a c t i v i t i e s ,  a t t r a c t  t h e  a t t e n t i o n  of 
p lanning s t a f f  a s  we l l  a s  r e g i o n a l  i n h a b i t a n t s .  F u r t h e r ,  a  d i s -  
t u r b i n g  p i c t u r e  is a l s o  f o r e c a s t e d  by t h e  r e s u l t s  of s i m u l a t i o n  
runs  wi th  Hyogo Dynamics. These phenomena i n e v i t a b l y  cause  peo- 
p l e  co r e c o n s i d e r  t h e  mechanism of  t h e  p lanning process  i t s e l f .  
S p e c i f i c a l l y  i n  Yyogo p r e f e c t u r e ,  t h e  fo l lowing seems t o  
happen [6] and i t  is considered t h a t  it cannot  be reso lved  in-  
dependent ly :  
- con t inu ing  i n c r e a s e  of v a r i o u s  p o l l u t a n t s  r e s u l t i n g  i n  
complete d e s t r u c t i o n  of l i v i n g  environment 
- water  shor tage  i n  t h e  urban a r e a s  
- decrease  of food supply c a p a b i l i t y  
- s e v e r e  t r a f f i c  congest ion 
- uneven and excess ive  c o n c e n t r a t i o n  of u r b a n i z a t i o n  
- s h i f t  t o  aged s o c i e t y .  
A planning a l t e r n a t i v e  ob ta ined  through c a r e f u l  i n v e s t i g a -  
t i o n  of  t h e  problem is  an a t tempt  a t  t h e  d e c e n t r a l i z a t i o n  of 
u rban iza t ion  and/or i n d u s t r i a l i z a t i o n  a s  fo l lows 
( i ) .  Each block,  t h a t  is  each region i n  Hyogo p r e f e c t u r e  
should be developed i n  such a  manner t h a t  a  p r e f e r a b l e  and con- 
s i s t e n t  balance  among land-use p o l i c y ,  r e g i o n a l  environmental 
p l a n s ,  water  and energy usage,  e t c . ,  can be kep t .  
( i i ) .  U t i l i t y  ob ta ined  i n  each block should be w e l l  ba l -  
anced wi th  o t h e r s  throughout t h e  p r e f e c t u r e .  
The s t r a t e g y  search of t h i s  k i n d ,  a s  a  s t e p  towards an  in -  
t e g r a t e d  r e g i o n a l  development p l a n ,  would be l i k e l y  t o  c a l l  f o r  
two d i f f e r e n t  approaches s imul taneous ly ,  t h a t  is:  
( i ) .  A top  down planning procedure t h a t  d e c i d e s ,  q u a l i t a -  
t i v e l y  and q u a n t i t a t i v e l y ,  t h e  r o l e s  of i n d i v i d u a l  blocks i n  
n e e t i n g  t h e  o v e r a l l  p r e f e c t u r a l  g o a l .  
( i i ) .  A bottom up planning procedure t h a t  s t a r t s  wi th  re-  
g i o n a l  i n h a b i t a n t ' s  o r  local-community-level g o a l s  and then co- 
o r d i n a t e s  them toward t h e  p r e f e c t u r a l  goa l .  
But t h e  r e a l  headache of t h e  decision-maker and t h e  p lanning 
s t a f f  i s  how t o  i d e n t i f y  t h e  r e l a t i o n s h i p s  a c r o s s  t h e  b locks  and 
a l s o  a c r o s s  t h e  v a r i o u s  s o r t s  of a t t r i b u t e s  such a s  i n d u s t r i a l -  
i z a t i o n ,  u r b a n i z a t i o n ,  p o l l u t i o n ,  e t c . ,  w i thou t  f u l l  suppor t  of  
r e a l  d a t a  and w e l l  e s t a b l i s h e d  t h e o r i e s .  I t  is because t h e  c o l -  
l e c t i o n  of d a t a  and es tab l i shment  of t h e o r i e s  a r e  very  time- 
consuming, while i n  most p r a c t i c a l  s i t u a t i o n s  t h e r e  i s  n o t  time 
enough t o  work on them b e f o r e  t h e  p l a n s  a r e  developed.  Th i s  ex- 
p l a i n s  why graph-matrix techniques l i k e  DEMATEL a r e  needed and 
where e x p e c t a t i o n s  f o r  those  t echn iques  have come from. 
Summarizing t h e  above d i s c u s s i o n ,  t h e  p r i n c i p a l  aims of ap- 
p l i c a t i o n  of DEMATEL ( o r  o t h e r  s i m i l a r  t echn iques )  a r e :  
- a  c l e a r  s t r u c t u r a l  i d e n t i f i c a t i o n  of comprehensive 
i n t e r - / i n t r a r e g i o n a l  p r o b l h a t i q u e  
- a  s t e p  toward a  q u a n t i t a t i v e  rnodellng such a s  an econo- 
m e t r i c  model o r  a  system dynamics model 
- room f o r  nonprofess iona l  people  t o  participate i n  t h e  
q u a n t i t a t i o n  of q u a l i t a t i v e  d e s c r i p t i o n  
- g o a l  s t r u c t u r e  s e t t i n g  w i t h  a p p r a i s a l  c r i t e r i a .  
4 .  PROCESS OF DEMATEL APPLICATION 
4 . 1 .  Crea t ion  of Matr ix  Elements 
In  o r d e r  t o  s e e  t h e  i n t e r n a l  s t r u c t u r e  of Hyogo s r e f e c t u r e ,  
t h e  p r e f e c t u r e  i s  d iv ided  i n t o  s i x  subreg ions ,  t h a t  i s ,  Hanshin, 
Harima Rinkai ,  Harima Na i r iku ,  Tajima, Tanba, and Awaji accord- 
i n g  t o  t h e i r  r e g i o n a l  c h a r a c t e r .  The i r  geomet r i ca l  conf igura -  
t i o n s  a r e  i n d i c a t e d  i n  Figure  1 . The aim i s  t o  c l a r i f y  t h e i r  
r e l a t i v e  socioeconomic p o s i t i o n s  on t h e  s c a l e  of t h e  e n t i r e  pre- 
f e c t u r e ,  and on t h a t  of t h e  whole of Japan a s  w e l l .  Outs ide  
Hyogo, s i x  r eg ions  of r e l a t i v e  importance a r e  cons ide red .  They 
a r e  Osaka p r e f e c t u r e ,  Kyoto p r e f e c t u r e ,  Nagoya d i s t r i c t ,  Tokyo 
d i s t r i c t ,  Western Japan ( i . e . ,  Chugoku and Kyushu), and Shikoku 
I s l a n d .  
In  each region o r  subregion,  t h e  fo l lowing n ine  a t t r i b u t e s  
a r e  picked o u t  f o r  c o n s i d e r a t i o n :  ' p o p u l a t i o n ,  i n d u s t r i a l i z a t i o n ,  
t r a d e  ( d o m e s t i c ) ,  a g r i c u l t u r e ,  u r b a n i z a t i o n ,  c a p a c i t y  of water  
supply and/or demand, a b i l i t y  of e l e c t r i c  power f o r  supply and 
demand, demand f o r  t r a n s p o r t a t i o n ,  and environmental  p o l l u t i o n .  
These a t t r i b u t e s  a r e  considered t o  be u s e f u l  f o r  b e t t e r  charac-  
t e r i z a t i o n  of i n d i v i d u a l  r eg ions .  
We should have added o t h e r  a t t r i b u t e s  c l o s e l y  r e l a t e d  t o  a  
s p e c i f i c  p r o j e c t  o r  a  p a r t i c u l a r  i n t e r e s t  such a s  water  manage- 
ment of Lake Biwa and i ts r i v e r  b a s i n ,  t h e  planned new Kansai 
a i r p o r t ,  e t c . ,  bu t  we d i s r e g a r d  them because of  t h e  t r e a t a b l e  
s i z e  of ma t r ix  and t h e  d e s i r e  t o  avo id  confusion i n  t h e  i n t e r -  
p r e t a t i o n  of t h e  r e s u l t s  by d i v e r s i t y  of a t t r i b u t e s .  
4 . 2 .  Generat ion of t h e  Di rec t  Matrix 
Our approach i s  n o t  e x a c t l y  t h e  same a s  t h e  o r i g i n a l  DEMATEL 
developed by t h e  3ATTELLE group [ I ]  o r  o t h e r s  i 7 1 .  The reason 
behind t h i s  i s  simple.  We have n o t  had t ime enough t o  ? repare  
a  well-organized q u e s t i o n n a i r e .  I n s t e a d ,  we l i s t e d  a l l  r e g i o n s  
and a t t r i b u t e s  on t h e  same s p o t  and f i l l e d  i n  each mat r ix  e n t r y  
t h e  d i s c u s s i n g  t h e  degree  of dependencies of each a t t r i b u t e  on 
o t h e r s .  
By proaeeding i n  t h i s  way, a v a l u e  s c o r e  g iven  i n  each matr ix  
comes t o  a  r e p r e s e n t a t i o n  of averaged r e s u l t s  from p a r t i c i p a n t s ,  
t h a t  i s ,  it could be almost  e q u i v a l e n t  t o  t h e  s t a t i s t i c a l  mean of 
i n d i v i d u a l  e v a l u a t i o n s .  On t h e  o t h e r  hand, however, it i s  t ime 
consuming and,  moreover, t h e  p a r t i c i p a n t s  a r e  n o t  a b l e  t o  cope 
wi th  t h e  completion of a l l  e n t r i e s .  
The va lue  score  of t h e  e n t r i e s  was planned t o  range from - 3  
t o  + 3 .  The nega t ive  s c o r e  has r a r e l y  been used a l though p a r t i c i -  
p a n t s  thought it would be h e l p f u l  t o  d i s t i n g u i s h  r e l a t i o n s  a s  
fo l lows:  an i n c r e a s e  ( p o s i t i v e  s c o r e )  i n  environmental  p o l l u t i o n  
w i l l  reduce ( n e g a t i v e  s c o r e )  t h e  popu la t ion  of s u b j e c t  r eg ion  
a l though i n d u s t r i a l  a c t i v i t i e s  w i l l  a t t r a c t  ( p o s i t i v e  s c o r e )  t h e  
people i n t o  t h e  reg ion  which i n  t u r n  w i l l  worsen ( p o s i t i v e  s c o r e )  
t h e  environmental  p o l l u t i o n .  
A f t e r  some t r i a l s  of t h e  f i l l i n g  o u t  procedure ,  we have come 
t o  an agreement n o t  t o  use t h e n e g a t i v e  s c o r e .  I n s t e a d ,  by making 
c l e a r  t h e  p o s i t i v e  o r  nega t ive  meaning of each a t t r i b u t e  i t s e l f  
e x p l i c i t l y ,  we have been a b l e  t o  avoid  confusion of s i g n  a t  every  
s t e p  of f i l l i n g  o u t  and/or i n t e r p r e t i n g  t h e  mat r ix  e n t r i e s .  Bow- 
e v e r ,  we have t o  pu t  s l i g h t  r e s t r i c t i o n s  on t h e  i n t e r p r e t a t i o n  
of t h e  e n t i r e  ma t r ix  s i n c e  t h e  s i g n  v a r i e s  accord ing  t o  t h e  t ime 
concerned. Hence we have s e t  a  t ime a x i s ;  whether t h e  mat r ix  
shows t h e  p a s t  of t h e  i n t e r - / i n t r a r e g i o n ,  o r  a  f u t u r e  e x p e c t a t i o n  
o r  expected t r e n d s ,  e t c . ,  and t h e  p r e s e n t  p i c t u r e  is shown i n  t h e  
t r i a l .  
4 . 3 .  Computation 
The completed mat r ix  of 5 4  x  5 4  (Tab le  3 )  f o r  i n s i d e  3 ~ 0 9 0  
and 108 x  108 f o r  i n s i d e  and o u t s i d e  Hyogo have been computed by 
t h e  DEMATEL program developed by A. Udo from t h e  RJE s e r v i c e  of 
IBM Japan.  
5 .  INTERPRETATION OF RESULTS 
I n  t h i s  s e c t i o n ,  we summarize some i n t e r p r e t a t i o n s  of t h e  
r e s u l t s  of our  DEMATEL s tudy.  The DEMATEL s tudy  i t s e l f  i s  j u s t  
t h e  f i r s t  t r i a l  on t h i s  probl6matique.  hence t h e  r e s u l t s  and in- 
t e r p r e t a t i o n s  a r e  no t  t o  be considered a s  t h e  f i n a l  ones.  
Table 3 .  Hyogo i n t r a p r e f e c t w e  DEMATEL d i r e c t  matr ix .  
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4 .  A g r i : u l e u r e  5 .  Urbanizac:on 5 .  C a p a c i t y  o f  X a c c r  j u p c l y  ~ n d /  
o r  Demand 7 .  A b i l l t y  sf Olec:?ic Power S u p p l y  a n d  3emand 
8 .  2 e c a n d  f o r  T r m s p o r c a c i o n  3 .  Z n v i r o n a e n c a i  ? o i ; u t i 3 n  
5 . 1 .  Hyogo i n t r a p r e f e c t u r e  p r o b l h a t i q u e  (see Figure  4 )  
( i ) .  In  a l l  s u b r e g i o n s ,  t h e  i n d u s t r i a l  a c t i v i t y  i s  t h e  
l e a d i n g  e l emen t ,  t h a t  i s ,  t h e  e lement  t h a t  has  a  dominant i n f l u -  
ence  ove r  t h e  o t h e r  e lements  and i s  s t r o n g l y  i n t e r c o n n e c t e d  w i t h  
t h e  o t h e r  e lements .  I n  o t h e r  words,  t h e  s o - c a l l e d  i n d u s t r y -  
o r i e n t e d  development p a t t e r n  is  common t o  a i l  t h e  s u b r e g i o n s .  
That  is t o  s a y ,  t h e  i n d u s t r i a l  a c t i v i t y  a t t r a c t s  t h e  p o p u l a t i o n  
i n t o  t h e  r e g i o n ,  which i n  t u r n  causes  t h e  u r b a n i z a t i o n  and i n -  
c r e a s e  i n  t h e  t r a d e  accompanied by i n c r e a s e  i n  t h e  wa te r  and 
e l e c t r i c  power demands. I t  a l s o  s t i m u l a t e s  t h e  demand f o r  t r a n s -  
p o r t a t i o n  and demol ishes  t h e  a g r i c u l t u r a l  a c t i v i t y ,  and f u r t h e r  
l e a d s  t o  t h e  d e t e r i o r a t i o n  of t h e  environment.  T h i s  i s  t h e  
t y p i c a l  p r o c e s s  of  r e g i o n a l  change conceived by t h e  people .  
( i i ) .  The six subreg ions  can be d i v i d e d  i n t o  two groups:  
t h e  i n d u s t r i a l i z e d  and u rban ized  groups  of  Hanshin and Harima 
Rinka i ,  and t h e r u r a l  and less  economical ly  developed group of 
T a j  ima , Tanba , Hanshin Na i r iku ,  and Awaj i. I n t e r a c t i o n s  o r  in-  
t e rdependenc ies  between t h e s e  two g roups  seem n o t  t o  be s t r o n g ,  
and t h e  s c o r e s  g iven  t o  t h e  l a t t e r  group a r e  g e n e r a l l y  low. 
Th i s  cou ld  mean t h a t ,  i n  o u r  minds, s o c i e t a l  probl6mat iques  i n  
h i g h l y  developed a r e a s  a r e  s t i l l  much more s t r o n g l y  conceived 
r e l a t i v e  t o  t h o s e  i n  less-developed a r e a s ,  even though nowadays 
w e  s t r e s s  t h e  importance of  developing r u r a l  a r e a s  i n  connec t ion  
w i t h  u rban ized  a r e a s .  
(ii i) .  I n  t h e  urbanized  a r e a s  of  Hanshin and Harima R i n k a i ,  
t h e  envi ronmenta l  p o l l u t i o n  Loads a r e  becoming a  l i m i t i n g  con- 
s t r a l n t  f o r  a d d i t i o n a l  e x t e n s i o n  o f  t h e  i n d u s t r i a l  a c t i v i t y .  
However, among t h e  r u r a l  a r e a s  such a s  Taj ima,  Tanba, and Barima 
Xa i r iku  it seems t h a t  space  is s t i l l  available f o r  f u r t h e r  in -  
d u s t r i a l  development. 
( i v ) .  The e lements  of a g r i c u l t u r a l  a c t i v i t y ,  wa te r  r e s o u r c e s ,  
and e l e c t r i c  sower r e s o u r c e s  a r e  r e l a t i v e l y  i s o l a t e d .  The a g r l -  
c u l t u r a l  a c t i v i t y  seems, by l t s  very  n a t u r e  i n  Hyogo, r a t h e r  
independent  of t h e  o t h e r  a c t i v i t i e s .  I s o l a t i o n  of  t h e  wa te r  and 
power r e s o u r c e s  could  be i n t e r p r e t e d  a s  sugges t ing  a wel l -ba lanced  
u t i l i z a t i o n  of  t h o s e  r e s o u r c e s  a t  p r e s e n t ,  and p o s s i b l y  i n  t h e  
nea r  f u t u r e ,  i n  Hyogo a s  a  whole. 
5 . 2  I n t e r r e l a t i o n s  Between Hyogo and Out s lde  Regions ( s e e  Fig-  
u re  5 )  
( i j .  According t o  o u r  r e s u l t s ,  only  t h e  w e l l  developed sub- 
r e g i o n s ,  t h a t  i s ,  Hanshin and Harima Rinkai  would be though of 
when d i s c u s s i n g  t h e  i n t e r r e l a t i o n s  wi th  o u t s i d e  r e g i o n s .  The re-  
s u l t s  s u g g e s t  t h e  adop t lon  of a  h i e r a r c h i c a l  s t r u c t u r e  a s  d e p i c t e d  
i n  F igure  6 f o r  f u r t h e r  development of  IRDP. 
( i i ) .  Hyogo is  i n t e r c o n n e c t e d  most s t r o n g l y  t o  Osaka, and 
t h e n  Tokyo, Kyoto, Nagoya, and s o  on. T h i s  is q u i t e  s u g g e s t i v e  
f o r  d e f i n i n g  some kind o f  g r a v i t y  d i s t a n c e s  based on t h e  geo- 
i n e t r i c a l  d i s t a n c e ,  s o c i a l  s i z e  of t h e  r e g i o n s ,  volume of t h e  in-  
t e r r e g i o n a l  f low and s o  f o r t h .  
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Figure  4 .  Hyogo i n t r a p r e f e c t u r e  problgmatique.  
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Figure 5. Hyogo intra-/interprefscture problematique. 
/ P L A N E  OF H I G H L Y  DEVELOPED R E G I O N  
PL4NE OF RURAL R E G I O N  
Figure 6. Suggested hierarchy of the IRDP. 
6 .  REMARXS ON THE DEMATEL APPROACH TO IRDP 
The concluding remarks a t  this s t a g e  of our DEMATEL approach 
t o  t h e  reg iona l  p r o b l h a t i q u e  a r e  a s  fol lows.  
( i ) .  A h i e r a r c h i c a l  c l a s s i f i c a t i o n  of reg ions  based on in- 
d u s t r i a l  capac i ty  o r  economic power would be h e l p f u l  t o  g ive  a  
b a s i s  f o r  IRDP resea rch ,  even i f  t h e  p r i n c i p a l  goa l  of  t h e  re-  
sea rch  i s  t o  seek f o r  a  way of a t t a i n i n g  r e g i o n a l  ameni t i e s .  I t  
w i l l  give  a  sound i n s i g h t  f o r  cons ider ing  t h e  s t r u c t u r e  of a  re-  
g iona l  model of any kind. 
(ii) . In f u t u r e  planning of t h e  r e g i o n ,  no t  only  t h e  over- 
a l l  e f f i c i e n c y  of t h e  region bu t  a l s o  subreg iona l  f e a t u r e s  and 
g o a l s  should be taken i n t o  account.  In  o t h e r  words, d e c e n t r a l i z e d  
func t ions  f o r  planning and decision-making should be more s t r e s -  
sed. Although we have n o t  completely succeeded i n  our  p r e s e n t  
experiment t o  a b s t r a c t  no tab le  l o c a l  f e a t u r e s  a t  subregion l e v e l ,  
a  DEMATEL o r  s i m i l a r  approach w i l l  be f r u i t f u l  from t h e  viewpoint 
of l o c a l  government o r  l o c a l  i n h a b i t a n t s  f o r  a t t a i n i n g  t h e  aim 
mentioned above. In  our f u t u r e  s tudy by DEMATEL, some a t t r i b u t e s  
d i r e c t l y  r e l a t e d  t o  s o c i a l  we l fa re  and q u a l i t y  of l i f e  w i l l  be 
considered more e x p l i c i t l y . .  
(iii). The DEMATEL approach i s  r a t h e r  simple t o  work wi th  
l n  comparison wi th  approaches based on accumulated r e a l  d a t a .  
Although it has drawbacks i n  t h e  sense  of l ack  of complete objec- 
t i v e n e s s ,  i t  al lows d i r e c t  p a r t i c i p a t i o n  of va r ious  kinds of 
people i n  i ts  working process .  Throuqh t h e  DEMATEL process ,  we 
a r e  a b l e  t o  reach an averaged p i c t u r e  of  how t o  t r e a t  the  prob- 
lems of mutual concern,  e . g . ,  comprehensive planning problem, 
environmental  assessment problem, o r  resources  a l l o c a t i o n  prob- 
lem. 
( i v ) .  For p u b l i c  p a r t i c i p a t i o n  i n  a DEMATEL process ,  it  
might be h e l p f u l  t o  prepare  some k ind  of prescored matr ix .  Then 
t h e  work w i l l  proceed i t e r a t i v e l y  by modifying t h e  matrix accord- 
ing t o  p e o p l e ' s  view. Fur ther  an a n a l y s i s  of t h e  s e n s i t i v i t y  of 
t h e  r e s u l t  t o  the  s c o r e s  w i l l  be meaningful,  t o  he lp  wi th  t h e  
f i n a l  dec i s ion  on t h e  scores .  
( v ) .  Dealing wi th  a  l a r g e  matr ix  i s  troublesome both f o r  
human beings ( p a r t i c i p a n t s )  and computers. Hence some technique,  
such a s  decomposition and coord ina t ion ,  is needed. 
we have experimented wi th  some o t h e r  DEMATEL approaches t o  
t h e  problgmatiques i n  t h e  whole Kinki reg ion ,  Osaka p r e f e c t u r e ,  
and Kyoto Ci ty .  In each experiment t h e  matr ix  elements have 
Seen s e l e c t e d  from s l i g h t l y  d i f f e r e n t  v iewpoints ,  e : g . ,  i n  t h e  
Osaka c a s e  t h e  elements a r e  c i t e d  a s  t h e  key words l n  t h e  docu- 
ments f o r  comprehensive p r e f e c t u r a l  p lanning,  and i n  t h e  Kyoto 
case  they a r e  t h e  p o i n t s  of s i g n i f i c a n t  d i f f i c u l t y  i n  urban 
management. The r e s u l t s  and t h e i r  comparisons w i l l  be repor ted  
i n  a  s e p a r a t e  paper. 
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1 .  INTRODUCTION 
The p r o j e c t  aims a t  b u i l d i n g  a  model t h a t  can seek t h e  
u l t r a - long- te rm comprehensive development p lan  f o r  t h e  Kinki 
a r e a .  The model i s  expected  t o  be u t i l i z e d  a s  a  t o o l  f o r  re- 
g i o n a l  socioeconomic p o l i c y  p lanning.  The fundamental aim of 
t h e  r e g i o n a l  development i s  t o  b r i n g  abou t  b e t t e r  l i v i n g  con- 
d i t i o n s  f o r  t h e  people.  ?lore a b s t r a c t l y ,  it i s  t o  improve 
p e o p l e ' s  wel l -being.  
1 . 1 .  S p a t i a l  A l l o c a t i o n  of I n d u s t r i e s  and Popu la t ion  
I t  was be l i eved  u n t i l  r e c e n t l y  t h a t  b e t t e r  l i v i n g  cona i -  
t i o n s  can be a t t a i n e d  through an i n c r e a s e  of income o r  consump- 
t i o n  l e v e l .  There fo re ,  t h e  t r a d i t i o n a l  r e g l o n a l  developments 
were d i r e c t e d  towards r e g i o n a l  economic development, and t h e  
models c o n s t r u c t e d  t o  d e v i s e  development p l a n s  were a lmost  a l -  
ways r e g i o n a l  economic models. I t  i s  recognized now t h a t  econ- 
omic growth does no t  always b r i n g  about  b e t t e r  l i v i n g  c o n d i t i o n s ,  
and t h a t  c o n c u r r e n t l y  b r i n g s  about  unwanted r e s u l t s  such a s  con- 
g e s t i o n ,  depopu la t ion ,  and environmenta l  p o l l u t i o n .  The conges- 
t i o n  and t h e  p o l l u t i o n  r e s u l t  from excess ive  c o n c e n t r a t i o n  of 
i n d u s t r i e s  and popu la t ion  i n  s p e c i f i e d  a r e a s ,  and t h e  depopula- 
t i o n  r e s u l t s  from t h e  r e a c t i o n  t o  t h i s .  E q u i t a b l e  and balanced 
u t i l i z a t i o n  of t h e  n a t i o n a l  l and  could  e r a d i c a t e  t h e s e  problems. 
I n  t h i s  sense ,  f u t u r e  r e g i o n a l  development p l a n s  should  have 
some s p a t i a l  v iewpoint  on how t o  a l l o c a t e  t h e  i n d u s t r i e s  and t h e  
popu la t ion  t o  n a t i o n a l  land a r e a s  c o n s i d e r i n g  t h e  s c a r c i t y  of 
land and wa te r  and t h e  l i m i t a t i o n  of environmenta l  a s s i m i l a t i n g  
c a p a c i t y .  The p r o j e c t  d i r e c t l y  d e a l s  wl th  the  a l l o c a t i o n  prob- 
lem f o r  i n d u s t r i e s  and popu la t ion  i n  p r e f e c t u r e s  composing t h e  
Kinki a rea .  
1 . 2 .  Comprehensive Development of S o c i a l  C a p i t a l  
The r e g i o n a l  a l l o c a t i o n  of i n d u s t r i e s  and popu la t ion  should 
be accompanied by t h e  development of necessa ry  s o c i a l  c a p i t a l .  
General ly  speaking,  it t a k e s  s e v e r a l  y e a r s  t o  develop t h e  s o c i a l  
c a p i t a l .  I t  i s  not  r a r e  t o  exceed t e n  y e a r s  inc lud ing  t h e  in- 
i t i a l  s t a g e s  of planning.  The t r a d i t i o n a l  econometr ic  method 
f o r  r e g i o n a l  p lanning models e s s e n t i a l l y  makes an e x t r a p o l a t i o n  
of h i s t o r i c a l  t r e n d s ;  t h e i r  t i m e  span is  u s u a l l y  t aken  around 
f i v e  t o  t e n  yea r s .  This  p r o j e c t  aims t o  a t t a c k  t h e  u l t r a - long-  
term comprehensive r e g i o n a l  development, where t h e  sys temat ic  de- 
velopment of necessary  s o c i a l  c a p i t a l  is one of  t h e  c e n t r a l  
i s s u e s .  This  i s s u e  is  o u t s i d e  t h e  realm t h a t  is  t r a c t a b l e  by 
t r a i t i o n a l  methods. The model developed i n  t h i s  p r o j e c t  . n o t  
only  in tended t o  d e s c r i b e  t h e  h i s t o r i c a l  socioeconomic t r e n d s  
f a i t h f u l l y ,  and then t o  e x t r a p o l a t e  them; it is a l s o  c o n s t r u c t e d  
t o  be u t i l i z e d  a s  a  t o o l ,  t o  h e l p  forward t h i n k i n g  on t h e  long- 
term r e g i o n a l  development problems wi th  wide and f l e x i b l e  i d e a s .  
The r e g i o n a l  development programs a r e  r a i s e d  from normative 
s t a n d p o i n t s  where d e s i r a b l e  r e g i o n a l  developments a r e  sought  i n  
response  t o  t h e  expected f u t u r e  changes of v a r i o u s  f a c t o r s  t h a t  
a r e  c l o s e l y  r e l a t e d  t o  t h e  development. 
1 . 3 .  Programming Model 
The model is a s  a  whole a  p r o g r m i n g  model which seeks  an  
optimum a l l o c a t i o n  of i n d u s t r i e s  and popu la t ion ,  a l though s e v e r a l  
economic d e s c r i p t i o n s  such a s  t h e  product ion f u n c t i o n s  and inpu t -  
o u t p u t  t a b l e s  a r e  b u i l t  in .  The l a b o r  f o r c e ,  p o s s i b l e  raw 
m a t e r i a l  import ,  u s a b l e  l a n d ,  maximum wate r  supply  and s o  f o r t h  
a r e  considered e x p l i c i t l y  a s  t h e  exogenous v a r i a b l e s  r e l a t e d  t o  
t h e  r e g i o n a l  development. C o r r e l a t i n g  wi th  t h e  fundamental aim 
of improving p e o p l e ' s  l i v i n g  c o n d i t i o n s ,  s e v e r a l  s o c i a l  ind ica -  
t o r s  such a s  t h e  income l e v e l  and t h e  s a t i s f a c t i o n  l e v e l s  of 
v a r i o u s  s o c i a l  c a p i t a l s  a r e  c a l c u l a t e d  endogenously. 
1 . 4 .  Rela t ion  t o  Na t iona l  Development 
I n  t h e  r e g i o n a l  p lanning models c o n s t r u c t e d  s o  f a r  t h e  var-  
i a b l e s  r e l a t e d  t o  t h e  o u t s i d e  o f  t h e  s p e c i f i e d  reg ion  such a s  
development p lans  f o r  o t h e r  r e g i o n s ,  i n t e r r e g i o n a l  m i g r a t i o n s ,  
and t r a d e s  a r e  u s u a l l y  g iven exogenously. E s s e n t i a l l y  t h e  de- 
velopment of t h e  s p e c i f i c  r eg ion  should be planned cons ide r ing  
t h e  c o r r e l a t i o n  wi th  o t h e r  r eg ions .  The reasons  why they cannot 
be t r e a t e d  independent ly  come from t h e  l i m i t s  of man power, us- 
a b l e  computer memory c a p a c i t y ,  and computat ional  t ime.  In  t h i s  
p r o j e c t  t h e  development of t h e  Kinki a r e a  i s  i n v e s t i g a t e d  wi th  
c o r r e l a t i o n  t o  o t h e r  r eg ions  d i v i d i n g  t h e  Kinki a r e a  by prefec-  
t u r e s  and t h e  o u t s i d e  of t h e  Kinki by p roper  b locks .  The l i m i t s  
of computer memory c a p a c i t y  and computat ional  t ime a r e  overcome 
by c o n s t r u c t i n g  t h e  model h i e r a r c h i c a l l y .  
1 . 5 .  Support  t o  Po l i cy  Planning 
In  t h i s  r e p o r t  some r e s u l t s  of a n a l y s i s  by us ing  t h e  model 
a r e  shown. However, a s  becomes c l e a r  through t h e  p r e c i s e  des-  
c r i p t i o n ,  t h e  model c o n t a i n s  a  number of  parameters t h a t  can be 
a l t e r e d  by model use r s  according t o  t h e i r  w i l l .  H e r e a f t e r  we 
c a l l  t h e s e  parameters " s c e n a r i o  parameters ."  The model s t r u c -  
t u r e  i s  a l s o  very  f l e x i b l e .  The u s e r ' s  image of t h e  r e g i o n a l  
development can be desc r ibed  more c l e a r l y  and e a s i l y  through 
t h i s  model. Taking advantage of t h e  m a j o r i t y  of  t h e s e  charac-  
t e r i s t i c s ,  t h e  model w i l l  become a  powerful  t o o l  which suppor t s  
t h e  p o l i c y  planning.  The p o l i c y  mentioned h e r e  has more a b s t r a c t  
meaning than  t h e  u s u a l  one;  a  t y p i c a l  example is t h e  comprehen- 
s i v e  development of  s o c i a l  c a p i t a l .  The p o l i c y  of s t r a t e g i c  
l e v e l s  such a s  t h e  c o n s t r u c t i o n  p lan  of a  c e r t a i n  highway and 
i t s  annual  investment p lan  a r e  n o t  t h e  o b j e c t s  of  t h i s  model. 
For t h e  a n a l y s i s  of t h i s  k ind of p o l i c y ,  t h e  t r a d i t i o n a l  econ- 
omet r i c  approach w i l l  be  much more e f f i c i e n t .  
2 .  MODEL STRUCTURE AND PREMISES 
2 . 1  . Objec t ives  of t h e  Model 
An a b s t r a c t  g o a l  of improving p e o p l e ' s  s t andard  of l i v i n g  
can be t r a n s l a t e d  i n t o  some more c o n c r e t e  o b j e c t i v e s .  
Improvement of -Promotion of - Development of 
income l e v e l  i n d u s t r y  i n d u s t r i a l  
i n f r a s t r u c t u r e  
Improvement of 
e d u c a t i o n a l ,  
medical ,  and 
c u l t u r a l  l e v e l  
Development of 
7 r e l a t e d  
f a c i l i t i e s  
Improvement of _ Proper 
7 Development of l i v i n g  a l l o c a t i o n  of l i v i n a  
environment and i n d u s t r i e s  and i n f r a s t r u c t u r e  
p r e s e r v a t i o n  of popu la t ion  
n a t u r a l  
environment 
E q u a l i z a t i o n  .-* Adjustment of 
interregional 
d i f f e r e n t i a l s  
The arrows express  l o g i c a l  cha ins  between t h e  o b j e c t i v e s  and t h e  
means t o  a t t a i n  them. The terms i n  t h e  middle w i l l  be c a l l e d  
t h e  i n d i r e c t  means t o  a t t a i n  t h e  o b j e c t i v e s  and t h e  r i g h e h a n d  
terms w i l l  be c a l l e d  t h e  d i r e c t  means; i f  we use more c o n c r e t e  
terms,  they a r e  t h e  inves tments  f o r  development. The c a u s a l  
cha ins  a r e  oppos i t e  t o  t h e  above. For example, t h e  development 
of i n d u s t r i a l  i n f r a s t r u c t u r e  s t h u l a t e s  t h e  promotion of indus- 
t r i e s  and t h i s  c o n t r i b u t e s  t o  t h e  improvement of income l e v e l .  
This  model mainly d e a l s  with t h e  problems r e l a t e d  t o  i n d i r e c t  
means. The d i r e c t  means f o r  c o n t r o l l i n g  t h e  i n d i r e c t  ones  and 
va r ious  in f luenc ing  f a c t o r s  a r e  t r e a t e d  a s  parameters  i n  t h e  
model. Various s o c i a l  i n d i c a t o r s  c l o s e l y  r e l a t e d  t o  o b j e c t i v e s  
a r e  a l s o  c a l c u l a t e d  from t h e  model. 
The u s e r  of t h e  model can g i v e  t h e  a p p r o p r i a t e  va lues  of 
parameters  i n  a  c e r t a i n  development s c e n a r i o  and make a sisuia- 
t i o n  run. Through t h i s  p rocess  he can ana lyze  now much t h e  de- 
velopment s c e n a r i o  c o n t r i b u t e s  t o  t h e  a t t a i n m e n t  of t h e  objec-  
t i v e s .  The f a c t o r s  t h a t  a r e  n o t  expressed e x p l i c i t l y  can a l s o  
be included i n t o  t h e  model i m p l i c i t l y  i n  t h e  form of a  s c e n a r i o .  
Executing t h e s e  k inds  of s c e n a r i o  a n a l y s e s  r e p e a t e d l y  w i l l  show 
which parameter i s  t h e  most i n f l u e n t i a l  f o r  t h e  model behavior  
o r  which s c e n a r i o  i s  t h e  most d e s i r a b l e  f o r  t h e  development. 
2 . 2 .  Fundamental S t r u c t u r e  
Our model has t h e  fo l lowing c h a r a c t e r i s t i c s .  
Planning pe r iod  About 3 0  y e a r s  
Age s t r u c t u r e  of Five  age groups 
popu la t ion  
Labor f o r c e  F ive  age groups 
p a r t i c i p a t i o n  r a t e  
I n d u s t r i a l  d i v i s i o n  A g r i c u l t u r e ,  f o r e s t r y  and f i s h e r i e s ,  
chemical ,  b a s i c  me ta l ,  l i g h t  manu- 
f a c t u r i n g ,  me ta l  and machinery,  
energy,  t r a n s p o r t a t i o n  and communi- 
c a t i o n ,  commerce, f inance  s e r v i c e  
and p u b l i c  s e r v i c e ,  c o n s t r u c t i o n ,  
energy raw materials, s t r u c t u r a l  raw 
m a t e r i a l s  
S o c i a l  c a p i t a l  
Economic overhead A g r i c u l t u r e ,  f o r e s t r y  and f i s h e r i e s ,  
c a p i t a l  t r a n s p o r t a t i o n  and communication, 
land conse rva t ion  
S o c i a l  overhead Dwelling, sewerage,  wa te r  supply  and 
c a p i t a l  environmental  s a n i t a t i o n ,  parks  and 
s o c i a l  s p o r t s  f a c i l i t i e s ,  s o c i a l  wel- 
f a r e  f a c i l i t i e s ,  e d u c a t i o n ,  medical  
c a r e  
S t r u c t u r e  of Food, beverages and tobacco,  c l o t h e s  
p r i v a t e  consumption and pe r sona i  e f f e c t s ,  f u e l  and l i g h t ,  
r e n t  and charge  f o r  water  supply ,  
f u r n i t u r e  and o t h e r  household equip- 
ment, household o p e r a t i o n  and main- 
t enance ,  medical  c a r e  and h e a l t h  ex- 
Denses, t r a n s p o r t a t i o n  and communi- 
c a t i o n ,  r e c r e a t r o n  and e n t e r t a i n m e n t ,  
educa t ion  and miscel laneous  s e r v i c e s  
Regional d i v i s i o n  
Kinki a r e a  Osaka, Hyogo, Kyoto, Nara, Wakayama , 
Shiga,  Fukul 
Outs ide  of t h e  Higashi Nippon, Kanto, Chubu, 
Kinki a r e a  Chugoku, Shikoku, Kyushu 
T r a n s p o r t a t i o n  I n d i r e c t l y  cons ide red  
demand between 
reg ions  
Phys ica l  c o n s t r a i n t s  
Land 
Water 
Environmental I n d i r e c t l y  considered 
a s s i m i l a t i o n  
c a p a c i t y  
C o n s t r a i n t  on 
resources  
Import of energy raw m a t e r i a l  
S u b s t i t u t i o n  between I n d i r e c t l y  considered 
c a p i t a l  and l a b o r  
Technological  I n d i r e c t l y  cons ide red  
p rogress  
The s o c i a l  i n d i c a t o r s  c a l c u l a t e d  from t h e  model a r e  as 
fo l lows [ 1 I . 
Health 
S o c i a l  c o n d i t i o n  Hosp i t a l  beds pe r  z a p l t a  
f o r  p r o t e c t i o n  of 
h e a l t h  
Education 
Improvement and F loor  space of school  b u i l d i n g s  p e r  
enhancement of p u p i l  
primary and 
secondary edu- 
c a t i o n  
Improvement ,and Floor  space  of school  b u i l d i n g s  per  
enhancement of s t u d e n t  
h igher  educa t ion  
Welfare 
Enjoyment of  Accommodation r a t e  of homes f o r  t h e  
l i v i n g  and h e a l t h  aged and aged w e l f a r e  c e n t e r s  
of t h e  aged 
Improvement of Accommodation r a t e  of c h i l d r e n ' s  wel- 
day n u r s e r i e s  and f a r e  f a c i l i t i e s  
w e l f a r e  f a c i l i t i e s  
f o r  p h y s i c a l l y  and 
menta l ly  handi- 
capped c h i l d r e n  
A t h l e t i c s ,  c u l t u r e  
and s o c i a l  educat ion 
c o n d i t i o n  f o r  t h e  S p o r t s  f a c i l i t i e s  g e r  c a p i t a ,  c u i t u r a i  
h e a l t h y  and c u l -  and educa t ion  f a c i l i t i e s  pe r  c a p i t a  
t u r a l  use of 
l e i s u r e  
Living environment 
Living c o n d i t i o n  Space of houses,  water supply system, 
sewerage systems,  rubbish  and human 
waste d i s p o s a l  
Inc rease  of  parks C i t y  park a r e a  p e r  c a p i t a  
i n  c i t i e s  
Decrease of damage SOx, NOx, BOD 
from harmful and 
d i s a g r e e a b l e  sub- 
s t a n c e s  
Income 
Income l e v e l  Income per  c a p i t a  
2 .  2 . 1 .  Jizrarchica L Mode L 
I t  may e a s i l y  be seen from t h e  above d e s c r i p t i o n  t h a t  i f  
a l l  t h e s e  f a c t o r s  and i n t e r r e l a t i o n s  a r e  b u i l t  i n t o  t h e  model 
it becomes huge. Hence it i s  q u i t e  d i f f i c u l t  t o  g e t  an o v e r a l l  
p e r s p e c t i v e  of t h e  model behavior .  Also i t  is hard t o  b r i n g  
f r e e l y  v a r i o u s  i d e a s  i n t o  t h e  model because of  t h e  mental a b i l -  
i t y  and t h e  c o s t .  In  o r d e r  t o  overcome t h e s e  d i f f i c u l t i e s  w e  
c o n s t r u c t  a  h i e r a r c h i c a l  model composed of t h r e e  submodels a s  
shown i n  Figure  1 .  
The upper s t r a tum model i s  d i r e c t e d  t o  t h e  socioeconomic 
development of t h e  whole of Japan. The major concern of t h e  
middle s t r a t u m  model i s  t h e  s p a t i a l  a l l o c a t i o n  of i n d u s t r i e s  
and popu la t ion  a t  t h e  t a r g e t  yea r .  The lower s t r a tum model 
t r a c e s  t h e  annual  development from t h e  i n i t i a l  yea r  t o  t h e  t a r -  
g e t  year .  Through t h i s  p rocess ,  t h e  dynamic f e a s i b i l i t y  of a  
s p e c i f i e d  r e g i o n a l  development p lan  can be t e s t e d .  The u s e r  
does n o t  always need t o  use a l l  t h e s e  t h r e e  submodels. I f  he 
has  h i s  own image of t h e  f u t u r e  Japan,  he can u t i l i z e  i t  d i -  
r e c t l y  a s  a  c o n t r o l  t o t a l  of t h e  middle s t r a tum model. Simi- 
l a r l y  t h e  lower s t r a t u m  model can be run independent ly .  
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2 . 2 . 2 .  P r e m i s e s  f 9 r  t n e  ,Yodel  Z o n s t r u c t d o l r  
We assume t h e  fo l lowing i n  o r d e r  t o  i n t r o d u c e  t h e  con- 
s t r a i n t s  i n t o  t h e  model. 
( i ) .  The c o n s t r a i n t s  of t h e  n a t i o n a l  socionconomic devel-  
opment a r e  t h e  l a b o r  f o r c e  and t h e  raw m a t e r i a l  supply-that  is 
approximately equal  t o  import. 
( i i).  The p h y s i c a l  c o n s t r a i n t s  such a s  l a n d ,  w a t e r ,  and 
environmental  c a p a c i t y  a r e  n o t  s e r i o u s  u n t i l  t h e r e g i o n a l  d i v i -  
s i o n  is  made. 
2.3. Upper Stratum Model 
The s t r u c t u r e  is exp la ined  by us ing  a  f lowchar t  shown i n  
Figure  2 .  In  t h e  model t h e  c a p i t a l  and l a b o r  a r e  a l l o c a t e d  s o  
t h a t  t h e  supply  and demand can  ba lance  and t h e  p roduc t ion  can 
be maximized. The c h a r a c t e r i s t i c s  a r e  l i s t e d  a s  fo l lows :  
Popu la t ion  
T o t a l  popu la t ion  i n  f i v e  age  groups 
I n d u s t r y  
Product ion by s e c t o r  ( s e e  Table  1 )  
Employees by s e c t o r  
Product ion c a p a c i t y  by s e c t o r :  
l s t ,  l o t h ,  and 11 th  s e c t o r s :  exogenous v a l u e  
2nd - 7th  and 9 t h  s e c t o r s :  Cobb-Douglas p roduc t ion  
f u n c t i o n  
8 t h  s e c t o r :  p roduc t ion  r e q u i r e d  t o  meet demand 
I n t e r i n d u s t r y  r e l a t i o n s  
inpu t -ou tpu t  t a b l e s  
Consumption and Investment ( s e e  Table  2 )  
Consumption 
P r i v a t e  consumption, 1 0  i tems 
Government consumption 
Investment 
E n t e r p r i s e  c a p i t a l  inves tment  
Economic overhead c a p i t a l  inves tment ,  3 i t ems  
S o c i a l  overhead c a p i t a l  inves tment ,  7 i tems 
Inventory  
Resources 
Import of energy raw m a t e r i a l  
Parameters 
Popula t ion 
B i r t h  r a t e  by f i v e  age groups 
Death r a t e  by f i v e  age groups 
Labor f o r c e  p a r t i c i p a t i o n  r a t e  by f i v e  age groups 
I n d u s t r y  
Parameters of product ion f u n c t i o n  
I n p u t  c o e f f i c i e n t  ma t r ix  

Table 1 .  I n d u s t r i a l  c l a s s i f i c a t i o n  
Upper and Lower 
Middle Model Model 1970 Input-Output Tables 
R (9 sec to r s )  (11 sec to r s )  (60 sec to r s )  
1. Agriculture 1. Agriculture 1 ,2 ,3 ,4 .  Agriculture 
Forestry and Forestry and 5. Forestry 
Tisher ies  Fisher ies  6. Fisher ies  
2. Heavy and 2. Chemical 24 .  Pulp, Paper 
chemical 28,29,30. Chemicals 
31,32. Petroleum and Coal Products 
33. Nonmetallic Mineral Products 
3. Basic Metal 34,35. Iron and S tee l  
36. Nonferrous Metal Products 
3. Light 4 .  Light 12,13,14,15,16,17. Food and Severages 
Manufacturing Manufacturing 18,19,20,21. Text i le  and Clothing 
Products 
22. Lumber and Wood Products 
23. m r n i t u r e  
25. Pr int ing and Publishing 
26. Leather and Leather Products 
27. Rubber Products 
41. Precision Macnlnery 
42. Miscellaneous Manufacturing 
4 .  Metal and 5. Metal and 37. Fabricated Metal Products 
Machinerj Machinerj 38. Ordinary Machinerj 
39. Electrical Machinerj 
40. T r a n s w r t  Machinery 
5. Energy 6. Energy 45.46.47. E l e c t r i c i t y ,  Gas, and Water 
6. Transportation 7. Transporta- 51. Transportation 
t l o n  and ...................................... 
7. Commerce, communication 52. Communication 
Service,  8. Couunerce, 48. Commerce Conrmunication Finance 39. Finance and Insurance 
Services and 50,60. Real Esta te  
Public 53. Servlces 
Services 54. Public Servlce 
55. Others 
56. Research I n s t i t u t e s  
a. Construction 3. Construction 43. Construction 
44. Enqlneerinq 'Work 
9. Mining 10. Energy P a w  7. Coai and Lignlte 
Material 10. Crude Petroleum and Natural Gas 
11. St ruc tu ra l  8 ,9 .  Iron Ore and Nonferrous Metal Ore 
Raw Materlal 11. Other Mining and Quarrjlng 
'Office supplies (661, Packing Materials ( 6 7 ) ,  and Activities not adequately 
described ( 5 7 ) ,  a r e  a l located in proportion t o  each sector .  
Tab le  2 .  The s t r u c t u r e  of g r o s s  n a t i o n a l  e x p e n d i t u r e .  
E n t e r p r i s e  1 
c a p i t a l  
inveacmenc I 
I n v e n t o r y  
'j inveac=nc I 
Conmunpc ion L 
overhead 
c a p i c a l  
1 nvescmen c  
6. Educacion 
Economic 
overhead 1 . A g r i c u l t u r e . f o r e s c r y  
c a p i c a l  and f i s h e r i e s  2. T ranaporcac ion  
and communication 
i P r i v a t e  c o n a u p c i o n  t 
- 
1. Foo'd, beverage. 
and c a b a c c ~  
2.Cloches  and 
p e r s o n a l  e f f e c t a  
3.Fu.l and l i g h t  
&.Rent and c h a r g e  
f o r  w a t e r  s u p p l y  
5 .  F u r n i t u r e  and 
oche r  household 
e q u i p m ~ c a  
6.Household operation 
and maintenance 
7 .Hed ica l  c a r e  and 
h u l c h  expenaea 
8 .Tranaporca r  i o n  and 
co-nicacion 
9 .Recreac ion  and 
entertainment 
10. Educacion and 
~ i a c e l l a n c o u a  
m r v i c e a  
Consumption, Inves tment ,  Export  and Import 
P r i v a t e  consumption r a t e  
P r i v a t e  consumption p a t t e r n  ( i t e m )  
P r i v a t e  consumption convers ion  m a t r i x  ( i t e m  - goods) 
Government consumption r a t e  
Government consumption convers ion v e c t o r  (goods)  
E n t e r p r i s e  c a p i t a l  inves tment  r a t e  (goods)  
Inventory  investment r a t e  
Inven to ry  inves tment  convers ion  v e c t o r  
Economic overhead c a p i t a l  inves tment  p a t t e r n  ( i t e m )  
S o c i a l  overhead c a p i t a l  inves tment  p a t t e r n  ( i t e m )  
Economic overhead c a p i t a l  inves tment  convers ion ma t r ix  
( i t e m  + goods) 
S o c i a l  overhead c a p i t a l  inves tment  convers ion m a t r i x  
( i t em + goods) 
Composition r a t i o  of  e x p o r t  by t y p e  
Dynamics 
I f  t h e  composit ion r a t i o  of g r o s s  n a t i o n a l  e x p e n d i t u r e ,  
t h e  consumption p a t t e r n  and inves tment  p a t t e r n  a r e  
g i v e n ,  then t h e  f l n a l  demands by goods a r e  determined.  
The p r o p o r t i o n s  of goods p roduc t ion  a r e  now o b t a i n e d  
by us ing  t h e  inpu t -ou tpu t  c o e f f i c i e n t  ma t r ix .  The 
l a b o r  f o r c e  and e n t e r p r i s e  inves tmen t  of 2nd-7th and 
9 t h  s e c t o r s  a r e  a l l o c a t e d  s o  t h a t  t h e  demands can be 
satisfied and t h e  next  y e a r  p roduc t ion  be maximized. 
I f  t h e  import  of energy o r  s t r u c t u r a l  raw m a t e r i a l  is 
r e s t r i c t e d ,  t h e  supply of energy o r  s t r u c t u r a l  raw 
m a t e r i a l  s e c t o r  is depressed .  The p roduc t ion  of o t h e r  
s e c t o r s  is a l s o  depressed  through t h e  inpu t -ou tpu t  
c o e f f i c i e n t  ma t r ix .  
From t h i s  model t h e  fo l lowing  i n d i c a t o r s  a r e  o b t a i n e d .  
E n t e r p r i s e  c a p i t a l  inves tment  by s e c t o r  
Economic overhead c a p i t a l  inves tment  ( i t e m )  
S o c i a l  overhead c a p i t a l  inves tment  ( i t e m )  
Cumulative s o c i a l  overhead c a p i t a l  inves tment  d u r l n g  
30 y e a r s  ( i t e m )  
Cumulative economic overhead c a p i t a l  inves tment  dur ing  
30 y e a r s  ( i t e m )  
P r i v a t e  and government consumption 
Value added by s e c t o r  
Employed persons  by s e c t o r  
Inventory  by s e c t o r  
Export  and import  by s e c t o r  
Employment r a t e  
A l l  of t h e s e  can be used a s  t h e  c o n t r o l  t o t a l s  of  t h e  middle 
s t r a tum model. 
2 . 4 .  Niddle Stratum Model 
F igure  3 shows t h e  model s t r u c t u r e .  The i n d u s t r i a l  produc- 
t i o n ,  t h e  popu la t ion ,  and t h e  s o c i a l  c a p i t a l s  of t h e  t a r g e t  year  
t h a t  a r e  ob ta ined  by us ing t h e  upper s t r a tum model a r e  a l l o c a t e d  
t o  each reg ion .  Al loca t ion  is made s o  t h a t  bo th  the  i n t e r r e -  
g i o n a l  t r a n s p o r t a t i o n  and t h e  income d i f f e r e n c e  can be minimized 
under t h e  r e g i o n a l  c o n s t r a i n t s .  
The c h a r a c t e r i s t i c s  a r e  shown below. The a g r i c u l t u r a l  pro- 
d u c t i o n  which occupies  t h e  major p a r t  of t h e  f i r s t  s e c t o r  i s  
a l l o c a t e d  t o  each r e g i o n ,  p r i o r  t o  t h e  a l l o c a t i o n  of o t h e r  indus- 
t r i e s ,  because it is expected t h a t  a  nationwide p r o t e c t i v e  p o l i c y  
f o r  a g r i c u l t u r e  w i l l  be adopted i n  o r d e r  t o  improve s e l f -  
s u f f i c i e n c y .  The a l l o c a t i o n  of  t h e  minkng product ion is a l s o  
assumed t o  be unchanged. 
Region 
Seven p r e f e c t u r e s  of Kinki 
S ix  blocks  o u t s l d e  Kinki ( s e e  Table 3 )  
Indus t ry  
Regional product by s e c t o r  ( n i n e  s e c t o r s )  
Regional employees by s e c t o r  
Value added r a t i o  by s e c t o r  
Popu la t ion  
Regional popu la t ion  
Consumption and Investment 
Consumption 
P r i v a t e  consumption, 1 0  i tems 
Government consumption 
Investment 
E n t e q r i s e  c a p i t a l  investment 
Economic overhead c a p i t a l  inves tment ,  3 i tems 
S o c i a l  overhead c a p i t a l  inves tment ,  7 i tems 
Inventory  
C o n s t r a i n t s  
Water 
Land 
Environment 
SO,, NO, and BOD a r e  taken a s  t h e  r e p r e s e n t a t i v e s  of 
p o l l u t a n t s .  Pe rmiss ib le  emiss ions  by r e g i o n s  a r e  
g iven t o  each p o l l u t a n t  r e f e r r i n g  t o  t h e  geographical  
f e a t u r e s  
C o n s t r a i n t s  on t h e  a l l o c a t i o n  of Popu la t ion  
This  i s  adopted t o  f o r b i d  excess ive  changes from t h e  
p r e s e n t  a l l o c a t i o n  p a t t e r n  
C o n s t r a i n t s  on t h e a l l o c a t i o n  of I n d u s t r i e s  
Three i n d u s t r i a l  s e c t o r s  (heavy and chemcial ,  l i g h t  
manufactur ing,  meta l  and machinery) and energy s e c t o r  
a r e  c o n s t r a i n e d .  Transpor ta t ion  s e c t o r  is a l s o  con- 
s t r a i n e d  s o  t h a t  a  l a r g e  gap cannot a r i s e  f o r  t h e  
r e g i o n a l  demand 

Table 3 .  Regional d i v i s i o n .  
Reg ion  P r e f e c t u r e  
1 .  Higashi Hokkaido, Aomorl, Iwate ,  Miyagi, Aki ta ,  
Nippon Yamagata, Fukushima, Ni iga ta  
2 .  Kanto I b a r a q i ,  Tochigi ,  Gunma, Saitama, Chiba, Tokyo, 
Kanagawa, Yamanashi, Nagano 
3 .  Chubu Gi fu ,  Aich i ,  Mie, Shizuoka,  Toyama, Ishikawa 
4 .  Fukui Fukui 
5 .  Shiga Shiga 
6 .  Kyoto Kyoto 
7 .  Osaka Osaka 
8. Hyogo Hyog 0 
9 .  Nara Nara 
1 0. Wakayama Wakayama 
1 1 .  Chugoku T o t t o r i ,  Shimane, Okayama, Hiroshima, 
Yamaguchi 
1 2 .  Shikoku Tokushima, Kagawa, Ehime, Kouchi 
13. Kyushu Fukuoka, Saga, Nagasaki, Kumamoto, O i t a ,  
Miyazaki, Kagoshima 
Parameters 
Those given by t h e  upper s t r a tum model 
Value added by s e c t o r  
Employed persons  by s e c t o r  
Employment r a t e  
E n t e r p r i s e  c a p i t a l  investment by s e c t o r  
Economic overhead c a p i t a l  inves tment  and cumulative 
investment ( i t e m )  
S o c i a l  overhead c a p i t a l  inves tment  and cumulat ive  
investment ( i t e m )  
P r i v a t e  and government consumption 
Inventory  by s e c t o r  
Export and import  by s e c t o r  
Indus t ry  
Input  c o e f f i c i e n t  ma t r ix  
Consumption and Investment 
P r i v a t e  consumption convers ion mat r ix  
Government consumption convers ion mat r ix  
E n t e r p r i s e  c a p i t a l  inves tment  convers ion mat r ix  
Economic overhead c a p i t a l  investment convers ion mat r ix  
S o c i a l  overhead c a p i t a l  investment convers ion mat r ix  
C o n s t r a i n t s  
Regional upper bound f o r  t h e  water  supply  
Regional a g r i c u l t u r a l  water 
Water usage p e r  c a p i t a  
Water usage p e r  u n i t  product  ( exc lud ing  a g r i c u l t u r e )  
Regional i n h a b i t a b l e  l and  a r e a  
Regional a g r i c u l t u r a l  l and  a r e a  
Land usage p e r  c a p i t a  
Land usage per  u n i t  p roduc t  ( exc lud ing  a g r i c u l t u r e )  
Land usage per  u n i t  economic overhead c a p i t a l  s t o c k  of 
t r a n s p o r t a t i o n  
Permiss ib le  emiss ipns  of SO,, NO,, and BOD by region 
SOxl NOx, and BOD emiss ions  p e r  u n i t  product  
BOD emiss ions  per  c a p i t a  
T r a n s p o r t a t i o n  
Dis tance  between reg ions  
T r a n s p o r t a t i o n  c o s t  p e r  u n i t  product  
Parameters r e l a t e d  t o  t h e  o b j e c t i v e  f u n c t i o n  
The weight of t r a n s p o r t a t i o n  demand 
The weight of income d i f f e r e n t i a l  
Determination of Regional Al loca t ion  
Product ion and Popula t ion 
Nat ional  p roduc t s  and employed persons  by s e c t o r  of  
t h e  t a r g e t  yea r  a r e  given a s  c o n t r o l  parameters .  Re- 
g i o n a l  a l l o c a t i o n s  of  t h e  1st and t h e  9 t h  s e c t o r s  
a r e  predetermined a s  mentioned be fore .  A l l o c a t i o n s  
of t h e  2nd t o  5 t h  s e c t o r s  a r e  determined s o  t h a t  both  
t h e  i n t e r r e g i o n a l  t r a n s p o r t a t i o n  and income d i f f e r e n -  
t i a l  can be minimized under t h e  r e g i o n a l  c o n s t r a i n t s .  
The 8 t h  s e c t o r  ( c o n s t r u c t i o n )  is  a l l o c a t e d  t o  s a t i s f y  
t h e  r e g i o n a l  c o n s t r u c t i o n  demands. The 6 t h  s e c t o r  
( t r a n s p o r t a t i o n )  is a l l o c a t e d  so  t h a t  no e x c e s s i v e  gap 
can a r i s e  between demand and supply.  The employed 
persons  of each s e c t o r  mentioned above a r e  determined 
i n  p ropor t ion  t o  t h e  product of each s e c t o r .  The em- 
ployed persons  of t h e  7 t h  s e c t o r  ( s e r v i c e )  a r e  d e t e r -  
mined i n  p ropor t ion  t o  t h e  t o t a l  number of employed 
persons  i n  t h e  reg ion  excluding s e r v i c e s .  The s e r v i c e  
product ion i s  p ropor t ion  t o  them. Regional t o t a l  popu- 
l a t i o n  i s  t h e  t o t a l  of employed persons  m u l t i p l i e d  by 
t h e  r e c i p r o c a l  of employment r a t e .  
S o c i a l  C a p i t a l  Stock 
Na t iona l  c a p i t a l  s t o c k s  by i tem of t h e  t a r g e t  yea r  a r e  
ob ta ined  by adding t h e  cumulat ive  inves tments  over  t h e  
p lanning pe r iod  t o  t h e  i n i t i a l  s t o c k s  and s u b t r a c t i n g  
t h e  d e p r e c i a t i o n s .  The c a p i t a l  s t o c k  f o r  a g r i c u l t u r e ,  
f o r e s t r y ,  and f i s h e r i e s  i s  a l l o c a t e d  s o  t h a t  t h e s t o c k  
p e r  product ion is  uniform. A s  f o r  t h e  t r a n s p o r t a t i o n  
c a p i t a l ,  it is a l l o c a t e d  i n  p r o p o r t i o n  t o  t h e  t o t a l  
product ion composed of t h e  1st t o  t h e  4 th  and t h e  9 th  
s e c t o r s .  The l and  conse rva t ion  c a p i t a l  i s  a l l o c a t e d  
i n  p ropor t ion  t o  t h e  r e g i o n a l  l and  a r e a .  The s o c i a l  
overhead c a p i t a l  is  a l l o c a t e d  so  t h a t  t h e  s tock  p e r  
c a p i t a  is uniform. 
2 . 5 .  Lower Stratum Model 
Figure  4 shows t h e  model s t r u c t u r e .  The t a r g e t s  of t h e  re- 
g i o n a l  development determined by us ing  t h e  middle s t r a tum model 
a r e  t r a n s l a t e d  t o  t h e  annual  growth r a t e  t o  a t t a i n  them. Those 
a r e  in t roduced i n t o  t h e  lower s t r a tum model a s  g u i d e l i n e s .  
Annual inves tment  and i n c r e a s e o f p o p u l a t i o n  a r e  a l l o c a t e d  t o  
each r e g i o n  s o  a s  t o  a t t a i n  those  growth r a t e s  a s  c l o s e l y  a s  
p o s s i b l e .  By us ing t h i s  model we can check y e a r  by yea r  whether 
t h e  s p e c i f i e d  path  of t h e  r e g i o n a l  socioeconomic development i s  
reasonab le  o r  not .  
The c h a r a c t e r i s t i c s  of t h e  model a r e  L i s t ed  below. 
Region 
Seven p r e f e c t u r e s  of Kinki 
S ix  blocks  o u t s i d e  Kinki 
I n d u s t r y  
Regional product by s e c t o r  ( 1  2 s e c t o r s )  
Regional employed persons  by s e c t o r  
Product ive  c a p a c i t y  Cobb-Douglas product ion f u n c t i o n  
I n t e r i n d u s t r y  r e l a t i o n s  
Input-output  t a b l e  
Popula t ion 
T o t a l  popu la t ion  by age group 
Regional popu la t ion  
Consumption and Investment 
Consumption 
Regional p r i v a t e  consumption, 10 items 
Regional government consumption 
average growth r a t e  . o c ~ . ~  and economic 
O L  reglon.1 product overhead capl l .1  
by age group 
grouch race  
I ~ ~ v e r t P c n C  r a c e  
Figure 4. Lower stratum n~odel-reg ional socioecono~nic model. 
Investment 
Regional e n t e r p r i s e  c a p i t a l  inves tment  
Regional s o c i a l  overhead c a p i t a l  inves tment  
Regional economic overhead c a p i t a l  inves tment  
C o n s t r a i n t  
Land 
Water 
Parameters 
Those given by t h e  middle s t r a t u m  model 
Targe t  va lues  of average growth r a t e  of r e g i o n a l  pro- 
duc t  by s e c t o r  
Target  va lues  of r e g i o n a l  s o c i a l  overhead c a p i t a l  
investment r a t e  
Target  va lues  of r e g i o n a l  economic overhead c a p i t a l  
investment r a t e  
Targe t  va lues  of average growth r a t e  of r e g i o n a l  popu- 
l a t i o n  
Popula t ion 
B i r t h  r a t e  and dea th  r a t e  by age group 
Labor f o r c e  p a r t i c i p a t i o n  r a t e  by age group 
I n d u s t r y  
Parameters of product ion f u n c t i o n  by s e c t o r  
Inpu t  c o e f f i c i e n t  ma t r ix  
Value added r a t i o  by s e c t o r  
Consumption and Investment 
P r i v a t e  consumption p a t t e r n  ( i t e m )  
P r i v a t e  consumption convers ion mat r ix  ( i t em - goods) 
Government consumption convers ion v e c t o r  (goods) 
E n t e r p r i s e  c a p i t a l  inves tment  convers ion mat r ix  
( inves tment  + goods) 
S o c i a l  overhead c a p i t a l  investment convers ion v e c t o r  
(goods ) 
Economic overhead c a p i t a l  investment convers ion v e c t o r  
(goods 
Export and import p a t t e r n  (goods) 
Standard value  of  p r i v a t e  consumption r a t e  
Standard value  of government consumption r a t e  
C o n s t r a i n t s  
Nater usage p e r  u n i t  product  by s e c t o r  
Water usage per  c a p i t a  
Regional  upper bound f o r  t h e  wa te r  supply  
Land usage p e r  c a p i t a  
Land usage p e r  u n i t  product  by s e c t o r  
Regional i n h a b i t a b l e  l and  
T r a n s p o r t a t i o n  
Dis tance  between r e g i o n s  
Transpor ta t ion  c o s t  p e r  u n i t  product  (goods) 
Objec t ive  Function 
The weight of each o b j e c t i v e  f u n c t i o n  
Dynamics 
The product ion of a c e r t a i n  yea r  is determined from t h e  
c a p i t a l  s tock  and t h e  employed persons  by us ing t h e  Cobb- 
Douglas product ion func t ion .  The investment and t h e  
i n c r e a s e  of populat ion a r e  a l l o c a t e d  t o  each reg ion  ac- 
cording t o  its i n d u s t r i a l  growth r a t e ,  s o c i a l  c a p i t a l  
investment r a t e  and populat ion growth r a t e  wi th in  t h e  
l i m i t s  of usable  land and water .  The p r i v a t e  consumption 
is determined according t o  the  r e g i o n a l  populat ion and 
t h e  government-according t o  t h e  reg iona l  product ion.  
Regional c a p i t a l  s tocks  of t h e  next  year  a r e  d e c e - ~ i n e d  
by the  above investments considering t h e  d e p r e c i a t i o n .  
Regional employed persons of t h e  next  y e a r  a r e  determined 
a s  a  func t ion  of the  popula t ion ,  l a b o r  f o r c e  p a r t i c i p a -  
t i o n  r a t e ,  investment,  and c a p i t a l - l a b o r  r a t i o .  Regional 
f i n a l  demands a r e  determined by investments and consump- 
t i o n s .  T o t a l  demand i s  a  sum of t h e  f i n a l  demand and t h e  
in te rmedia te  demand, which can be ob ta ined  throuqh t h e  
i n p u t  c o e f f i c i e n t  matr ix .  Regional expor t  and i r p o r t  
and i n t e r r e g i o n a l  t r a n s p o r t a t i o n  a r e  dete-mined by c n n p a r i n ~  
the  t o t a l  demand and the  product ion.  I t  is p o s s i b l e  t o  
feed back t h e  change of  t r a n s p o r t a t i o n  demand and t o  
inc lude  i t  i n  t h e  o b j e c t i v e  func t ion  of t h e  next  y e a r .  
3 .  SCENARIO ANALYSIS 
3 . 1  . Out l ine  
The model u s e r  i s  a b l e  t o  i n v e s t i g a t e  t o  what e x t e n t  a  ce r -  
t a m  scenar io  of r e g i o n a l  development a t t a i n s  t h e  o b j e c t i v e  by 
runningthe.mode1, where t h e  va lues  of parameters a r e  given i n  
t h e  scenar io .  Repeating t h i s  procedure,  a  d e s i r a b l e  r e g i o n a l  
development scenar io  may be found. Investment r a t e ,  consumption 
r a t e ,  and var ious  o t h e r  parameters of t h e  upper s t ra tum model, 
upper and lower bound f o r  populat ion and product ion,  a g r i c u l t u r a l  
water and l a n d ,  upper bound f o r  water  supply ,  land and water 
usage per  c a p i t a  o r  p e r  u n i t  product ,  and SOx, NOx, and BOD 
emission p e r  u n i t  product of t h e  middle s t ra tum model a r e  t h e  
parameters t h a t  have important  e f f e c t s  on t h e  accomplishment of 
t h e  o b j e c t i v e s .  B i r t h  r a t e ,  death  r a t e ,  l abor  f o r c e  p a r t i c i p a -  
t i o n  r a t e ,  product ion func t ion  and s o  f o r t h  w i l l  be determined 
by r e f e r r i n g  t o  t h e  h i s t o r i c a l  t r ends  and t h e  expected f u t u r e  
change. Occasional ly  those  w i l l  be determined by the  judgment 
of t h e  use r  h imself .  The i n t e r i n d u s t r i a l  i n p u t  c o e f f i c i e n t  
m a t r i x ,  va lue  added r a t i o ,  and conversion matr ix  of investment 
and consumption a r e  important  parameters which r e f l e c t  t h e  in-  
d u s t r i a l  s t r u c t u r e ,  but  it i s  very d i f f i c u l t  t o  e s t i m a t e  t h e i r  
f u t u r e  changes. 
3 . 2 .  Standard Scenar io  
We t a k e  t h e  i n i t i a l  year  of the  model run t o  be t h e  year  
1970  and t h e  planning per iod t o  be 30 years .  A s  t h e  s t andard  
s c e n a r i o ,  w e  r e f e r  t o  t h e  scenar io  of  r e g i o n a l  development, i n  
which t h e  model parameters a r e  taken a s  fol lows.  
3 .  3 .  2 .  T h e  U p p e r  Stratum Wode l 
Popula t ion 
B i r t h  Rate and Death Rate 
These a r e  ob ta ined  by modifying t h e  d a t a  i n  1970 s o  
t h a t  t h e  t o t a l  popu la t ion  can be equa l  t o  t h e  value  
i n  2000 (medium va lue )  e s t ima ted  by t h e  Council on 
Popula t ion Problems. 
Labor Force P a r t i c i p a t i o n  Rate 
Th i s  is obta ined  by c o n s i d e r i n g  t h e  p r e s e n t  Japanese 
s i t u a t i o n  and t h e  d a t a  of  t h e  United S t a t e s .  
P ropor t ion  of Gross Nat ional  Expenditure 
Th i s  is given i n  Table 4 showing t h e  p a s t  t r e n d  of t h e  
p ropor t ion  of t h e  g r o s s  n a t i o n a l  expend i tu re  of both 
Japan and o t h e r  c o u n t r i e s  of t h e  world. S o c i a l  overhead 
c a p i t a l  and economic overhead c a p i t a l  a r e  taken t o  be a t  
t h e  l e v e l  achieved i n  t h e  f i n a l  y e a r  a s  shown i n  Table  5 .  
P r i v a t e  Consumption P a t t e r n  
This  is given i n  Table 6 showing t h e  p r o p o r t i o n  of p r i -  
v a t e  consumption i n  bo th  Japan and o t h e r  c o u n t r i e s  of 
t h e  world. 
Composition of Export 
The f o u r  types  a r e  considered a s  shown i n  Table 7 .  Type 
1 is t h e  a c t u a l  f i g u r e  f o r  1970. Type 2 is t h e  case  
where t h e  r a t i o  of t h e  5 th  (meta l  and machinery) s e c t o r  
is  high.  And type 3  is  t h e  case  where t h e  r a t i o  of t h e  
4 t h  ( l i g h t  manufacturing) s e c t o r  is high  and t h e  r a t i o  
of t h e  5 th  s e c t o r  is t h e  same f i g u r e  a s  i n  type  1 .  I n  
both type  1 and type 2 ,  t h e  r a t i o s  of t h e  2nd and 3rd 
( b a s i c  meta l )  s e c t o r s  a r e  taken t o  be q u i t e  low. Type 
4 is  based on e s t i m a t e s  by t h e  Industrial S t r u c t u r e  
Council  (ISC) . 
Product ions  of t h e  l s t ,  l o t h ,  and 11th  S e c t o r s  
The p roduc t ion  from 1970 t o  2000 a r e  g iven  exogenously 
based on e s t i m a t e s  by t h e  ISC. 
Capital-Output Ra t ios  and Labor-Output R a t i o s  of t h e  1st 
8 t h ,  9 t h ,  and 11th s e c t o r s  
The c a p i t a l - o u t p u t  r a t i o s  and t h e  labor-output  r a t i o s  
a r e  based on ISC e s t i m a t e s .  
Upper and Lower Bounds of Popula t ion 
We use t h e  va lue  c l o s e  t o  t h e  t r e n d  value  and t h e  va lue  
from t h e  Long-Tern Vision of t h e  I n d u s t r i a l  S t r u c t u r e  
(ISC) f o r  t h e  upper and lower bounds. 
Table U .  The s t r u c t u r e  of g r o s s  n a t i o n a l  expend i tu re .  
Item 
E n t e r p r i s e  c a p i t a l  
investment 
Economlc overhead c a p i t a l  
investment 
S o c i a l  overhead c a p i t a l  
investment 
Inventory  investment 
P r i v a t e  consumption 
Government consumption 
I n i t i a l  F i n a l  yea r  ( 2 0 0 0 )  
year  
( 1 9 7 0 )  I* 2 * 3  * & * 
Economic overhead 1  0 .0044  0 .0050 0 .0050 0 .0045  0 .0050  
c a p i t a l  investment** 2 0.0385 0.0380- 0 .0380 0 .0342 0 .0380  
3  0 .0067 0 .0070  0 .0070 0 .0063  0 .0070 
- 
S o c i a l  overhead 1  0 .0717  0 .0800 0 .0650 0 .0725 0 .0800 
c a p i t a l  investment** 2  0 . 0 0 2 8  0 .0150 0 . 0 1 2 2  0.0136 0 .0150  
3  0 .0026  0 .0050 0 .0040  0 .0045  0 .0050  
4  0 .0041  0 .0080 0.0065 0 .0073 0 .0080  
5  0 .0154  0 .0299  0 .0243  0 ,0271  0 .0299  
6  0 . 0 0 8 7  0 . 0 1 1 0  0 .0090  0 .0110 0 .0110  
7  0 .0036  0 .0110  0 .0090  0 .0110 0 . 0 1 1 0  
* 1  =Standard  Scenar io ,  2  = Growth-oriented Scenar io ,  
3 =Consumption-oriented Scenar io ,  U = Import r e s t r i c t i o n  Scen- 
a r i o  f o r  t h e  Energy Raw M a t e r i a l  
**See Table 2 .  
Table 5. Target  of s o c i a l  c a p i t a l  improvement. 
I n d i c a t o r s  Targe t  Reference 
Space of houses 30 m2 Japan ( 1 9 7 0 )  18 .5  rn2 
America ( 1 9 6 3 )  3 7 . 9  m2 
W. Germany ( 1 9 6 8 )  29 .3  rn2 
Sewerage systems 6  0  % Japan ( 1  970 ) 14% 
Rubbish and human 
waste d i s p o s a l  90% Japan ( 1 9 7 0 )  6 4 %  
C i t y  park a r e a  pe r  9  n2 Japan ( 1 9 7 0 )  2.2 n2 
c a p i t a  Washington ( 1 9 7 3 )  40.81~12 
Rome ( 1 9 7 3 )  1 1 . 4  m2 
Accommodation r a t e  of 3  % Japan ( 1 9 7 0 )  1  . O %  
homes f o r  aged and Denmark ( 1  96  3  ) 3.8% 
wel fa re  c e n t e r s  
Hosp i t a l  beds pe r  10 1.5 t imes Japan ( 1 9 7 0 )  1  0  3 beds 
thousand persons  Sweden ( 1 9 7 0 )  1 5 0 beds 
Table 6 .  Private consumption pattern. 
* 
I tem 
Scenario 
*See Table 2. 
Table 7. Composition ratio of export by type. 
Type 
* 
Sector 1 2 3  4 
1  0 .011 0 . 0 0  0 . 0 0  0 .00  
2 0.091 0.06 0 .06  0 . 0 8  
3  0 .129 0 .01  0 .01  0 .12  
4  0 .183 0 .13  0 .35  0 . 1 3  
5 0.383 0 .60  0 .38  0 .47  
6  0 .000  0.00 0 .00  0 .00  
7  0.143 0.14 0 .14  0 .14  
8 0 .000 0 .00  0.00 0.00 
9 0.060 0 .06  0 .06  0 .06  
10 0.000 0 .00  0 .00  0 . 0 0  
11 0 .000 0 .00  0 .00  0 .00  
*See Table 1. 
Upper and Lower Bounds of Ladust,-y 
Heavy and Chemical 
The lower bounds a r e  taken t o  be 1 ( t h e  value f o r  t h e  
p resen t  situation) . The upper bounds f o r  Shiqa and 
Xara a r e  taken t o  be only 2 . U  times 3s auch a s  t h e  
? r e sen t  situation (3 percen t  t echnolog ica l  2 rogress  is 
considered)  because these  two ~ r e f e c t u r e s  a r e  in land.  
For o t h e r  regions  t h e se  a r e  between 5 and 2 0  t lmes.  
Light Manufacturmg, Xetal  and Nachinery 
The lower bounds a r e  taken t o  be 1 a n d 3  t imes a s  nuch 
a s  the  p resen t  s i t u a t i o n ,  r e s pec t i ve ly .  
Energy 
The same a s  heavy and chemical s e c t o r .  
Transpor ta t i cn  
The upper and lower bounds a r e  taken t o  be + 2 0  percent  
of t h e  value added f o r  t r a n s p o r t a t i o n  from 1970 i n t e r -  
reg iona l  input-output t ab l e s .  
Land and Water 
For a g r i c u l t u r a l  Land,weuse t h e  value i n  1985, es t imated  
by t h e  National Land Agency, a s  t he  da t a  of each prefec-  
ture i n  p ropor t ion  t o  t h e  value i n  t he  year  1972. I t  is 
assumed t h a t  Osaka mainta ins  i t s  presen t  s i t u a t i o n .  
For a g r i c u l t u r a l  wa te r ,  we use the value In 1985, es t imated  
by the Xinis tzy  of Construct ion.  Therefore ,  land and 
water usage ? e r  u n i t  product of t h e  f i r s t  s e c t o r  is  ob- 
t a i n ed  by d iv id ing  t o t a l  a g r i c u l t a r a l  land and water  by 
t he  va lue  added taken from the  upper s t ra tum model. 
I n d u s t r i a l  Land and water  usage Fer u n i t  product is taken 
t o  Se 1 / 2 4  of the  p r e sen t  va lue ,  assumlng 3 ? e r cen t  tech- 
no log ica l  progress.  By t h i s  assumption, it is considered 
t h a t  about 2 . 3  t i m e s  the  2roduct can be obtained by using 
t h e  same m o u n t  of water  and land. 
Water usage ?e r  c a p i t a  is taken t o  be 0 . 1 2  ( 1  00 mi l l i on  
tons/thousand persons/year)  and land usage per  c a p i t a  t o  
be 0.08 (kn2/thousand a e r s o n s ) .  
Land usage per uniz s o c i a l  c a p i t a l  s tock  f o r  t r an s po r t a -  
t i o n  is taken t o  be 0.352 (km2/ten S l l l i o n  yen) by r e f e r -  
r i n g  t o  t h e  d a t a  of Osaka and t he  whole of Japan i n  1970. 
The upper bound of t h e  reg iona l  water  supply is taken t o  
b e .  60 ae r cen t  of t h e  t o t a l  amount of run-off from f o r e s t s  
and f i e l d s .  However, f o r  Osaka t he  apper bound of t he  
v a t e r  supply is taken t o  be 50 percen t  of the  annual flow 
of t h e  Yodo Xiver. 
The upper Sound f o r  t h e  reg iona l  usab le  Land IS taken t o  
be t h e  r eg i o n a l  i n h ab i t ab l e  land.  3u t  Osaka is now over- 
crowded, and t h e  e f f i c i e n c y  of land usage is twice as such 
as  t h e  average of t h e  whole of Japan. Therefore ,  i t  i s  
assumed t h a t  Osaka remains i n  +dis circumstance in  t he  
f u t u r e .  
Land and v a t e r  usage per u n i t  product and ? e r  c a p i t a  a r e  
shown i n  Table a .  
Table  8. Land and water  usage p e r  product  o r  p e r  c a p i t a  in  
t h e  f i n a l  yea r  (middle s t r a t u m  mode l ) .  
( a )  Product  
Sec to r*  
- - - 
Land Water 
(krn2/~10 b i l l i o n / y e a r )  ( l o 0  t / 1 0  b l l l ~ o n / y e a r )  
1 
2  0.335 5.899 
3 0.260 2.231 
4 0.167 0.539 
5 0.127 0.191 
6 0.000 2.035 
7 0.024 0.212 
8 0.000 0,1.20 
9 0.066 0.066 
*See Table  1 .  
( b )  Living 
Land 
Water 
0 .08 (km2/1000 pe r sons )  
0.12 ( m i l l i o n  t/1000 pe r sons /yea r )  
( c )  Land usage p e r  u n i t  economic overhead c a p i t a l  s t o c k  of 
t r a n s p o r t a t i o n  
0.352 (km2/1 0  b i l l i o n )  
Environment 
I t  i s  assumed t h a t  t h e  SO,, NO,, and BOD emiss ions  per  
u n i t  product  w i l l  be 1 / 2 . 4  of t h e  p r e s e n t  v a l u e  a f t e r  
t h e  f u t u r e  t e c h n o l o g i c a l  p r o g r e s s  and a  f u r t h e r  1/10 f o l -  
lowing p o l l u t i o n  abatement inves tment .  Overa l l  t h e  f i g -  
u re  is  assumed t o  be 1/24. Coal usage is  assumed t o  be 
ha l f  of  t h e  p r e s e n t  va lue  i n  t h e  heavy and chemical  sec- 
t o r  and t o  be z e r o  i n  o t h e r  s e c t o r s .  BOD emiss ions  ? e r  
c a p i t a  a r e  assumed t o  be dec reased  t o  1/20 of t h e  p r e s e n t  
va lue  by t h e  spread of sewerage s e r v i c e  ( c o n s i d e r  t n i r d -  
o r d e r  t r e a t m e n t ) .  Each emiss ion p e r  c a p i t a  and p e r  u n i t  
product  is  shown i n  Table 9. 
Weight of Evaluat ion  
W e  c o n s i d e r  t h e  s e l f - s u f f i c i e n c y .  The weight  f o r  t r a n s -  
p o r t a t i o n  i n  t h e  r eg ion  is t aken  t o  be zero .  The weights  
f o r  t h e  i n t e r r e g i o n a l  t r a n s p o r t a t i o n  and t h e  i n t e r r e g i o n a l  
income d i f f e r e n t i a l  a r e  taken t o  be e q u a l ,  where w e  con- 
s i d e r  t h a t  p r o t e c t i v e  p o l i c i e s  w i l l  be made f o r  a g r i c u l -  
t u r e  i n  f u t u r e ,  and s o  t h e  f i r s t  s e c t o r  is  excluded from 
t h e  e v a l u a t i o n  on t h e  i n t e r r e g i o n a l  income d i f f e r e n t i a l .  
Table 9 .  P o l l u t a n t  emiss ions  pe r  u n i t  product  o r  per  c a p i t a  
(middle s t r a tum model) 
( a )  Indus t ry  
SOX NOx BOD 
Sec to r  ( t / Y 1 0  b i l l i o n )  ( t /#10  b i l l i o n )  ( t / Y 1 0  b l l l i o n )  
( b )  Living 
BOD emiss ions  pe r  1000 persons  0.60 (t /1000 persons/year)  
3.3. Other Scenar ios  
Three d i f f e r e n t  s c e n a r i o s  a r e  considered a s  shown i n  Tables  
4 and 7. 
- Growth-oriented s c e n a r i o  
- Consumption-oriented s c e n a r i o  
- Import r e s t r i c t i o n  s c e n a r i o  f o r  t h e  energy raw m a t e r i a l  
s e c t o r .  The energy raw m a t e r i a l  i s  assumed t o  have an 
upper bound which is  about  twice a s  much a s  t h e  p r e s e n t  
va lue ,  cons ide r ing  t h e  g l o b a l  energy s i t u a t i o n .  
3.4. Example of t h e  Output of t h e  H i e r a r c h i c a l  Model 
A s  t h e  volume of  model o u t p u t  i s  q u i t e  huge, on ly  some of 
it i s  shown here .  In  Table 10 v a r i o u s  v a r i a b l e s  i n  t h e  f i n a l  
yea r  of t h e  upper s t r a tum model a r e  summarized. I n  t h e  c a s e  of 
t h e  s t andard  s c e n a r i o ,  t h e  GNP reaches  almost  J ,000 t r i l l i o n  
yen i n  t h e  yea r  2000. However, i n  t h e  import  r e s t r i c t e d  c a s e ,  
t h e  GNP is reduced almost  t o  h a l f .  The h i g h e s t  GNP is  a t t a i n e d  
i n  t h e  growth-oriented s c e n a r i o ,  bu t  t h e  s o c i a l  overhead c a p i t a l  
s tock is  s l i g h t l y  smal le r  than t h e  s t andard  s c e n a r i o .  Growth 
p rocesses  of v a r i o u s  variables i n  t h e  s t a n d a r d  s c e n a r i o  a r e  shown 
i n  F igure  5. 
In  Table  11,  popu la t ion ,  GRP, and GNP per  c a p i t a  by reg ion  
i n  t h e  s t a n d a r d  s c e n a r i o  a r e  shown, a s  ob ta ined  from t h e  middle 
s t r a t u m  model. Regional d i s p a r i t y  of GRP p e r  c a p i t a  i s  consid-  
e r a b l y  e r a d i c a t e d .  I n  Figure  6 dwel l ings  and sewerage of t h e  
yea r  2000 compared wi th  1970 a r e  shown. Refe r r ing  t o  Table 5 ,  
dwel l ing i s  much more improved than  t h e  t a r g e t ,  and sewerage is  
a l s o  ar ranged almost t o  t h e  t a r g e t  l e v e l .  
Table 1 0. Output of t h e  upper s t r a tum model. 
( a )  Production by s e c t o r  i n  t h e  f i n a l  y e a r  (10 b i l l i o n  y e n ) .  
Scenar io  2 0 0 0 
Sec to r  1970 1 2 3 4 
1 732.5 1273.5 1273.5 1273.5 1273.5 
2 1503.5 8152.4 10113.0 7266.4 4401.2 
3 1333.7 7212.1 9227.5 6170.4 3913.5 
4 2610.2 13134.0 16.4 11989.0 7349.8 
5 2811.4 16657.0 22972.0 14009.0 8514.3 
6 268.6 1742.1 2193.9 1588.8 954.1 
7 758.6 4680.5 5912.7 42UO. 1 2565.0 
8 4351.5 26319.0 33278.0 24140.0 14583.0 
9 1684.1 8448.7 9691.6 6816.7 4724.4 
10 17.5 55.2 55.2 55.2 55.2 
1 1  80.1 252.4 252.4 252. U 252.4 
T o t a l  7283.4 40023.0 50559.0 35809.0 22328.0 
Annual average growth 
r a t e  5.9 6.7 5.5 3.8 
ib)  Percentage of t o t a l .  
Scenar io  2000 
Sec to r  1970 1 2 3 4 
1 4.5 1.5 1.2 1.6 2.6 
2 9.3 9.3 9.1 9.3 9.1 
3 8.3 8.2 8.3 7.9 8.1 
4 16.2 14.9 14.8 15.4 15.1 
5 17.4 18.9 20.6 18.0 17.5 
6 1.7 2.0 2.0 2.0 2.0 
7 4.7 5.3 5.3 5.5 5.3 
8 26.9 29.9 29.8 31 .O 30.0 
9 10.4 9.6 8.7 8.8 9.7 
10 0.1 0.1 0.1 0.1 0.1 
1 1  0.5 0.3 0.2 0.3 0.5 
T o t a l  100.0 100.0 100.0 100.0 100.0 
Table 1 0 .  Output of the  upper s t r a t u m  model ( c o n t i n u e d ) .  
( c )  Employed persons  ( thousand p e r s o n s ) .  
Scenar io  2 0 0 0  
Sec to r  1 9 7 0  1  2  3  4  
T o t a l  
(d) E n t e r p r i s e  c a p i t a l  s t o c k  ( 1 0  b i l l i o n  yen) 
Scenar io  2 0 0 0  
S e c t o r  1 9 7 0  1  2  3 4  
1  1 0 6 6 . 5  6 0 2 1  . O  5 5 6 5 . 4  6 4 1 9 . 1  6 7 1  3 . 6  
2 5 8 2 . 8  3 3 8 9 . 2  4 3 1 6 . 0  2 9 8 3 . 5  1 3 9 4 . 1  
3  6 0 2 . 8  3 5 0 4 . 7  4 5 9 9 . 9  2 9 5 5 . 8  2 7 3 7 . 9  
4  1 0 8 8 . 9  1 6 9 4 4 . 0  2 5 3 7 1 . 0  1 3 9 1 4 . 0  1 2 0 7 4 . 0  
5  8 7 5 . 0  7 2 6 4 . 8  1 1 0 6 5 . 0  5 8 1 6 . 2  4 9 7 8 . 6  
6  7 5 4 . 4  2 3 5 3 . 1  3 7 0 3 . 1  2 1 4 4 . 6  1 9 9 8 . 6  
7  4 9 1 . 2  1 8 7 2 . 6  7 6 7 0 . 3  1 6 9 6 . 4  1 6 7 0 . 5  
8  3 0 9 . 1  1 1 2 2 2 . 0  1 3 9 8 4 . 0  6 4 9 5 . 1  7 4 6 3 . 4  
9  1 4 1 3 . 0  1 7 3 1 8 . 0  2 1 8 9 7 . 0  1 5 8 8 4 . 0  1 5 2 0 6 . 0  
1 0  1 3 . 2  1 2 1 2 . 6  1 2 1  2 .6  1 2 1 2 . 6  1 2 1 2 . 6  
1 1  6 0 . 6  5 5 6 . 1  5 5 6 . 1  5 5 6 . 1  5 5 6 . 1  
T o t a l  7 2 5 7 . 5  7 1 6 4 0 . 8  9 9 9 4 0 . 4  6 0 0 7 7 . 4  5 6 0 0 5 . 4  
Table 1 0 .  Output of t h e  upper s t r a t u m  model ( c o n t i n u e d ) .  
( e )  S o c i a l  overhead c a p i t a l  s t o c k  ( 1 0  b i l l i o n  yen) 
S e c t o r  1 9 7 0  1  2  3  4  
T o t a l  
( f )  Economic overhead c a p i t a l  s t o c k  ( 1  0  b i l l i o n  yen) 
Scenar io  2 0 0 0  
S e c t o r  1 9 7 0  1 2  3  4  
1  4 0 9 . 2  3 2 3 3 . 5  3 6 8 9 . 1  2 8 3 5 . 4  2 5 4 0 . 9  
2  1 9 7 6 . 2  2 4 8 7 4 . 0  2 8 4 5 2 . 0  2 1 7 3 7 . 0  1 9 4 7 3 . 0  
3  3 6 9 . 0  4 5 0 1  . 4  5 1 5 1 . 8  3 9 3 2 . 0  3 5 1 6 . 9  
T o t a l  2 7 5 4 . 4  3 2 6 0 8 . 9  3 7 2 9 2 . 9  2 8 5 0 4 . 4  2 5 5 3 0 . 8  
( t r U i o n  ( = i l l i o n  
yen ) persons) 
Tota l  
c a p i t a l  
Tota l  
3iock 
Tota l  
C N P  
Tota l  
:apL:al 
s o c i a l  overheac 
s tock  
e n t e r p r i s e  zapr-a  
p p u l a t i o n  
economic 3ver:esd 
s t a c k  
F i g u r e  5 .  O u t p u t  of u p p e r  s t r a t u m  model.  
Table 1 1 .  Output of t h e  middle s t r a t u m  model-standard scenar io  
popula t ion ( 1 0 3  persons )  GRP ( 1 0  b i l l i o n  yen )  
Region* 1 9 7 0  2 0 0 0  i 9 7 0  2COG 
1  1 6 5 7 6  2 3 7 0 4  3 6 9 .  i 5 9 7 3 . 2  
2  3 2 2 1  5  3 6 2 4 2  2 6 1 9 . 1  1 2 0 1 1 . 2  
3  1 3 8 1 0  1 9 6 1 8  1 0 5 7 . 3  6 0 3 3 . 4  
4  7  4  4  9 7 5  4 4 . 4  2 9 4 . 4  
5  3  9  0  1 2 8 2  5 8 . 9  3 6 3 . 2  
6  2 2 5 0  3 2 4 0  1 5 8 . 1  9 6 3 . 6  
7  7 6 2 0  8 8 3 9  7 1 3 . 4  2 0 3 4 . 8  
8  4 6 6 8  5 4 1 5  3 3 3 . 0  1 7 9 9 . 9  
9  9 3 0  1 3 3 9  4 6 . 0  3 7 2 . 0  
1 0  1 0 4 3  1 4 2 9  6 7 . 7  4 5 9 . 9  
1 1  6 9 9 7  6 9 9 7  4 8 7 . 1  2 0 4 7 . 7  
12  3 9 0 4  4 3 8 0  2 2 9 . 8  1 2 8 3 . 3  
13  1 2 0 7 2  1 8 4 7 0  5 9 9 . 9  5 3 8 6 . 2  
T o t a l  1 0 3 7 1 9  1 3 1  9 9 4  7 2 8 3 . 3  4 0 0 2 3 . 0  
*See Table 3 .  
GRP p e r  c a p i t a * *  ( 1 0  b i l l i o n  y e n / 1 0 0 0  persons)  
Region 1 9 7 0  2 0 0 0  
1  0 . 0 4 4  0 . 2 3 4  
2  0 . 0 7 8  0 . 3 3 0  
3  0 . 0 7 2  0 . 3 0  4  
4  0 . 0 5 4  0 . 2 9 5  
5  0 . 0 6 0  0 . 2 7 7  
6  0 . 0 6 9  0 . 2 9 6  
7  0 . 0 9 3  0 . 3 4 3  
8  0 . 0 6 9  0 . 3 3 2  
9  0 . 0 4 5  0 . 2 7 5  
1 0  0 . 0 5 7  0 . 3 1 8  
1 1  0 . 0 6 4  0 . 2 8 5  
1 2  0 . 0 5 1  0 . 2 8 5  
1 3  0 . 0 4 4  0 . 2 8 3  
T o t a l  0 . 0 6 6  0 . 2 9 7  
**Omit t h e  1 s t  s e c t o r .  
--- 2000 
F i g u r e  6 .  Output  of  t h e  middle  s t r a t u m  model-standard s c e n a r i o .  
In  Figure  7 ,  some annual s e c t o r a l  p roduc t ions  of t h e  Osaka 
p r e f e c t u r e  a r e  shown, a s  ob ta ined  from t h e  lower s t r a t u m  model. 
The growth of t h e  meta l  and machinery i n d u s t r y  i s  remarkable;  i t  
is  due t o  t h e  p r e s e n t  i n d u s t r i a l  s t r u c t u r e  of Osaka. 
4 .  CONCLUSION 
We c o n s t r u c t  an i n t e g r a t e d  r e g i o n a l  development p lanning 
model s o  a s  t o  a s s i s t  t h e  p o l i c y  planning f o r  u l t r a - long- te rm 
r e g i o n a l  development. The o b j e c t  a r e a  is  Kinki bu t  t h i s  model 
w i l l  be a p p l i c a b l e  t o  o t h e r  r eg ions .  We choose a  h i e r a r c h i c a l  
s t r u c t u r e  f o r  t h e  model i n  o r d e r  t o  overcome t h e  computat ional  
d i f f i c u l t i e s  ( b o t h  t ime and memory c a p a c i t y )  and t o  i n c r e a s e  t h e  
model o p e r a t i o n a l  a b i l i t y .  Ideas  of  t h e  p lanner  a r e  e a s i l y  pu t  
i n t o  t h e  model because of i ts  f l e x i b l e  s t r u c t u r e .  Judging from 
our  exper iences  and r e s u l t s  which fol low s e v e r a l  s c e n a r i o s ,  our  
i n t e n t i o n  t o  i n t e g r a t e  and a s s e s s  t h e  most of t h e  p l a n n e r ' s  
i d e a s  by us ing  a  computer model seems t o  be r e a l i z e d .  
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SUMMARY OF THE DISCUSSION 
J. Kacprzyk 
On the  case  s tudy p r e s e n t a t i o n  t h e  d i s c u s s i o n  focussed on 
t h e  number of p o l l u t a n t s  t o  be taken i n t o  account f o r  an adequate 
d e s c r i p t i o n  of t h e  a c t u a l  r eg iona l  s i t u a t i o n  wi th  r e s p e c t  t o  en- 
vironment q u a l i t y .  Some doubts  were expressed about whether t h e  
t h r e e  p o l l u t a n t s  considered were s u f f i c i e n t ,  because i n  some 
c o u n t r i e s  t h e  numbers a r e  much higher .  I t  was, however, s t a t e d  
t h a t  it is  not  t h e  number of p o l l u t a n t s  t h a t  p lays  t h e  key r o l e ,  
bu t  t h e i r  impact and re levance f o r  the  reg ion  considered.  More- 
over ,  i n  a  case  s tudy onealways works on t h e  d a t a  t h a t  adminis- 
t r a t i v e  u n i t s  ( p r e f e c t u r e s )  have. 
On t h e  g e n e r a l  i s s u e  of reg iona l  p lann ing ,  programming, and 
models, the  d i s c u s s i o n  concentra ted f i r s t  on t h e  concept  of 
I n t e g r a t e d  Regional Development ( I R D )  and i t s  re levance.  Since  
reg iona l  problems a r e  u s u a l l y  complicated,  m t  c l e a r - c u t ,  mul t i -  
dimensional,  m u l t i l a y e r ,  involve c o n f l i c t s ,  e t c . ,  t h e  IRD approach 
combining d i f f e r e n t  types  of problems promises t o  a t t a i n  t h e  b e s t  
r e s u l t s .  Moreover, f o r  b e t t e r  e f f i c i e n c y ,  s imula t ion  iof e x t r a -  
p o l a t i o n  type)  and normative (of op t imiza t ion  type)  approaches 
should be coupled.  
Owing t o  t h e  i n h e r e n t  s o f t n e s s  of reg iona l  problems, f o r  a  
nore  adequate d e s c r i p t i o n  of them some new, s o f t e r  ( ~ . e . ,  l e s s  
r i g i d )  approaches a r e  needed. Unfor tunate ly ,  such approaches a r e  
no t  very numerous now, and, even when they e x i s t ,  they a r e  not  
used t o  a  s a t i s f a c t o r y  e x t e n t .  
The use of a  computer was n a t u r a l l y  considered t o  be a  s i n e  
qua non f o r  an a t tempt  t o  so lve  any r e g i o n a l  problem of n o n t r i v i a l  
d imens iona l i ty .  
The d i s c u s s ~ o n  then noved t o  the  r e l a t i o n s  between the  ab- 
s t r a c t  problems chosen f o r  s o l u t i o n  and t h e  r e a l  problems they  
represen t .  I t  was mentioned t h a t  one must always be aware of how 
f a r  one can go wi th  e x i s t l n g  a b s t r a c t  models and t h a t  the  choice 
of a b s t r a c t  models must be made wi th  a s e r i o u s  c o n s i d e r a t i o n  of 
e x i s t i n g  techniques  and t h e i r  l i m i t a t i o n s .  
I n  the  course  of c o n s t r u c t i n g  a  system f o r  dev i s ing  a  com- 
prehensive  plan f o r  a  reg ion  one must c a r e f u l l y  cons ider  f o r  whom 
t h e  p lan  is  prepared.  A g r e a t  number of d i v e r s e  u s e r s  of such a  
p l a n ,  a s  is  usua l ly  t h e  case  i n  p r a c t i c e ,  makes t h e  problem more 
complicated.  The ques t ion  of  who w i l l  implement t h e  plan i s  i m -  
p o r t a n t  a s  w e l l .  
The n e c e s s i t y  of recognizing t h e  r e g i o n a l  problem s t r u c t u r e  
t o  be d e a l t  wi th  w a s  acknowledged. The use f o r  it of some ad- 
vanced t echn iques ,  a v a i l a b l e  i n  a  computer package form, a s ,  e . g . ,  
DEMATEL, promises t o  a t t a i n  good r e s u l t s .  One should,  however, 
not  only  recognize  t h e  p resen t  s t r u c t u r e ,  bu t  a l s o  t o  some e x t e n t  
the  f u t u r e  one. 
While bu i ld ing  a  model f o r  an ul t ra- long- term IRDP ( s a y ,  30 
y e a r s ) ,  one must be ve ry  c a r e f u l .  For such a  long per iod  it is 
very d i f f i c u l t ,  o r  even impossible ,  t o  p r e d i c t  t echnolog ica l  pro- 
g r e s s  and s t r u c t u r a l  changes. Such a  long hor izon w i l l  probably 
no t  c r e a t e  any t r o u b l e  i n  t h e  modeling reg ions  i n  whlch t h e  u t i -  
l l z a t i o n  of n a t u r a l  and energy resources  p lays  a  key r o l e .  This  
i s ,  however, not  t h e  case  i n  Kinki where, r a t h e r  than energy and 
raw m a t e r i a l s ,  people and indus t ry  a r e  t h e  d r i v l n g  f o r c e s .  I t  
seems t h a t ,  owing t o  r a p i d ,  r evo lu t ionary  changes i n  the  Japanese 
economy, a  s h o r t h e r  planning horizon would be more adenuate .  I t  
was, however, s t a t e d  t h a t  t h i s  problem w i l l  probably be a l l e v i a t e d  
because of t h e  slower pace of economic develonaent i n  Japan a s -  
sumed f o r  t h e  f u t u r e .  The i n f r a s t r u c t u r e  problems should 
poss lb ly  involve Longer hor izons .  
There was some doubts about whether t h e  assumption t h a t  the  
populat ion distribution depends on the  i n d u s t r y  d i s t r i b u t i o n  and 
some f i s c a l  f a c t o r s ,  wi thout  t a k i n g  Lnto account t h e  a t t r a c t i v e -  
ness  of p laces  under c o n s i d e r a t i o n ,  is  adequate enough. The suf-  
f i c i e n c y  of assuming t h e  t r a n s p o r t a t i o n  c o s t s  t o  be t h e  on ly  ob- 
j e c t i v e  func t ion  a t  t h e  second s t ra tum was a l s o  quest ioned.  
A s  t o  r e g i o n a l  t r a d e  dependence and s p e c i a l i z a t i o n ,  t h e  sec- 
u l a r  d e c l i n e  i n  the  degree of specialization i n  Japan was f i r s t  
mentioned. The t rans format ion  i n t o  t h e  s e r v i c e  s o c i e t y  was given 
a s  t h e  main reason. Some problems a s  t o  a  r e g i o n a l  r i v a l r y  i n  
s p e c i a l i z a t i o n  were a l s o  mentioned, s t r e s s i n g  t h a t  s p a r s e l y  popu- 
l a t e d  and d i s t a n t  r eg ions  would probably have a  d i f f i c u l t  t ime 
surv iv ing .  
The s e n s i t i v i t y  of regions  t o  expor t  changes was t h e  next  
ques t ion  considered.  A s  t o  t h e  reg iona l  models t o  be b u i l t ,  it 
was seen a s  d e s i r a b l e  t o  in t roduce  some weak n o n l i n e a r i t y  and t o  
pay nore  a t t e n t i o n  t o  robustness .  
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ABSTRACT 
This  paper ,  l i k e  previous  ones ,  i n t e n d s  t o  f a c i l i t a t e  over-  
a l l  e v a l u a t i o n ,  expanding t h e  c o s t - b e n e f i t  theory  by incorpora t -  
ing  t h e  problems of surrounding a r e a s .  
From t h e  viewpoint  of land u s e ,  we a r e  a b l e  t o  apply  l i n e a r  
programming t o  mixed land u s e ,  whi le  0-1 mixed-integer program- 
ming is  a p p l i c a b l e  where mixed l and  use i s  not p o s s i b l e .  We 
s h a l l  then be a b l e  t o  e s t a b l i s h  a  s t andard  of d e c e n t r a l i z e d  
achievement by t h e  a p p l i c a t i o n  of d u a l i t y  problems t o  t h e  model. 
Although t h i s  paper cannot provide  a  d i r e c t  and complete 
s o l u t i o n  f o r  a c t u a l  problems, t h e  method proposed may become a  
va luab le  informat ion source  f o r  p o l i c y  making. 
1 .  INTRODUCTION 
In  l o c a t i n g  l a rge - sca le  a i r p o r t s ,  p o r t s ,  h a r b o r s ,  and t r u c k  
t e r m i n a l s ,  a  s i n g l e  choice  i s  made a f t e r  c o n s i d e r a t i o n  of s e v e r a l  
a l t e r n a t i v e  s i t e s .  Th i s  choice  is made a f t e r  comparing s a c r i f i c e s  
r e q u i r e d  f o r  t h e  r e l i e f  of conges t ion ,  changes t h a t  w i l l  be de- 
manded i n  t h e  f u t u r e ,  improvement of s e r v i c e s  f o r  t h e  u s e r ,  i m -  
provement of t r a f f i c  i n d u s t r y  management, e t c .  
In  such d e c i s i o n s ,  t h e  t e rmina l  l o c a t i o n  planning has  re-  
c e n t l y  tended t o  recognize  s y s t e m a t i c a l l y  t h a t  p a r t  of t r a f f i c  
network planning t h a t  connects  t h e  o r i g i n  and d e s t i n a t i o n  of 
f r e i g h t .  
In many c a s e s ,  n a t u r a l ,  economic, and s o c l a l  c o n d i t i o n s  a r e  
l i s t e d  i n  t h e  e v a l u a t i o n  o f  s i t e s ,  and t h e  c o s t  b e n e f i t  o r  c o s t  
e f f e c t i v e n e s s  a n a l y s i s  is ssed  a s  a  b a s i s  f o r  t h e  f i n a l  judgment. 
In some c a s e s ,  t h e s e  ana lyses  a r e  c r i t i c i z e d ,  however, because 
i n  r e a l i t y  t h e r e  e x i s t s  a  gap i n  t h e  measuring of b e n e f i t s  and 
c o s t s ,  de te rmina t ion  of s o c i a l  d i scoun t  r a t e ,  and weighing of 
importance among m u l t i p l e  o b j e c t i v e s .  I n  p a r t i c u l a r ,  t h e s e  ana l -  
yses  a r e  n o t  s a t i s f a c t o r y  f o r  d e a l i n g  adequa te ly  wi th  e x t e r n a l  
o r  environmental  e f f e c t s  on t h e  surrounding a r e a .  
This s tudy i n t e n d s  t o  extend t h e  c o s t  b e n e f i t  t h e o r y  t o  t h i s  
problem and t o  i n t e r i o r i z e  t h e  surrounding-area  problems i n t o  
t h e  t e rmina l  l o c a t i o n  problem i n  o r d e r  t o  e v a l u a t e  them compre- 
hens ive ly .  
2 .  INTERIORIZING OF SURROUNDING AREA PROBLEMS 
The e v a l u a t i o n  of a  t r a f f i c  network p r o j e c t  c o n t a i n i n g  a  
t e rmina l  s i t e  k i s  represen ted  by 
where PB and PC a r e  " b e n e f i t s "  and " c o s t s "  i n  p r e s e n t  v a l u e s ,  
r e s p e c t i v e l y .  PNB and R a r e  n e t  p r e s e n t  v a l u e  and c o s t - b e n e f i t  
r a t i o ,  r e s p e c t i v e l y ,  which a r e  expected t o  have a  p o s i t i v e  va lue  
and a  va lue  g r e a t e r  than  1 ,  r e s p e c t i v e l y .  The a l t e r n a t i v e  y i e l d -  
ing  t h e  l a r g e s t  va lue  is t h e  most d e s i r a b l e .  
The fo l lowing  equa t ion  c l a s s i f i e s  t h e  o f f e r e r  of a  t e rmina l  
by S ,  t h e  t e rmina l  by X ,  t h e  u s e r  by 0 ,  t h e  i n h a b i t a n t s  a f f e c t e d  
by p o s i t i v e  b e n e f i t s  i n  t h e  reg ion  by Z 1  and i n h a b i t a n t s  a f f e c t e d  
by nega t ive  repercuss ions  by 32. Then PB ( k )  and PC ( k )  i n  ( 1  ) a r e  
r e w r i t t e n  a s  fo l lows:  
p ~ ( k )  = 1 p ~ . ( k )  = p ~ , ( k )  + P B , ( i )  + PB, ( 2 )  + PB, ( 2 )  
J j ' 1 ' 2 
( 2 )  
where j = S , J , Z  l t - 2 .  
The o f f e r e r  of  t h e  t e rmina l  has t o  have p r o f i t a b i l i t y  and 
t h e  u s e r  has t o  have an increment i n  consumer s u r p l u s  ( d i r e c t  
b e n e f i t s ) .  For t h e  a f f e c t e d  p a r t i e s  i n  t h e  surrounding a r e a ,  t h e  
i n d i r e c t  b e n e f i t s  t h a t  accrue  from t h e  t e r m i n a l  must outweight t h e  
nega t ive  e f f e c t s  such a s  nuisance  c r e a t e d  by t h e  i n c r e a s e  of t r a f -  
f i c .  Hence, t h e  e v a l u a t i o n  e ~ u a t i . 0 ~  needs t h e  fo l lowing  con- 
s t r a i n t :  
Genera l ly ,  bes ides  P C z - ( k ) ,  c o n s i d e r a t i o n  i s  l i m i t e d  t o  
- L 
n o i s e ,  exhaus t  g a s ,  v i b r a t i o n ,  water  p o l l u t i o n ,  and changes i n  
t h e  landscape,  a l l  of which a r e  s e p a r a t e l y  e v a l u a t e d  a s  o t h e r  
a s p e c t s  of t h e  p lanning;  i n  o t h e r  words, t h e s e  many f a c t o r s  a r e  
s e p a r a t e l y  eva lua ted  a s  an  environmental  e f f e c t  assessment  f o r  
a  g iven p r o j e c t .  I n  t h l s  c a s e ,  t h e  c o n s t r a i n t  e s t a b l i s h e s  an  
environmental  q u a l i t y  s t a n d a r d  f o r  each environmental  i t em,  and 
i f  t h e  q u a l i t y  of a  g iven  i t e m  does n o t  s a t i s f y  i t s  environmental  
q u a l i t y  s t andard :  
- t h e  a l t e r n a t i v e  is modified o r  r e j e c t e d ,  o r  
- t h e  sources  of p o l l u t i o n  a r e  c o n t r o l l e d .  
However, when t h e  p r o j e c t  o r  t h e  g iven i tems do n o t  respond 
t o  t h e s e  methods, o r  when t h e  c o s t s  involved i n  app ly ing  them a r e  
p r o h i b i t i v e l y  h igh ,  a  t h i r d  method is  used: 
- t h e  environmental ly  a f f e c t e d  p a r t i e s  t a k e  some a c t i o n .  
I n  t h i s  c a s e ,  it is  necessa ry  and s u f f i c i e n t  t o  c o n s i d e r  t h r e e  
courses  of a c t i o n :  ( a )  b e h a v i o r a l ,  ( b )  developmental ,  and ( c )  
l o c a t l o n a l  [ 1 ] . 
A behav io ra l  a c t i o n  i n v o l v e s ,  f o r  example, changes of l i v i n g  
s t y l e  caused by no i se  p o l l u t i o n ,  o r  t h e  i n s t a l l a t i o n  of noise-  
proof f a c i l i t i e s  i n  b u i l d i n g s ;  t h e  q u a l i t y  of l i f e ,  however, i s  
not  changed. A developmental a c t i o n  invo lves  changes i n  t h e  qual-  
i t y  of l i f e  corresponding t o  changes i n  l and  use .  A l o c a t i o n a l  
a c t i o n  invo lves  not  on ly  changes i n  land u s e ,  b u t  t h e  removal of 
l i f e ' s  a c t i v i t i e s  t o  ano the r  p l a c e .  
To e x p l a i n  t h i s  i n  more d e t a i l ,  t h e  o b j e c t i v e  reg ion  is d i -  
vided a p p r o p r i a t e l y  i n t o  ?/ square  meshes. The fol lowing n o t a t i o n  
i s  def ined  i n  t e r n  of  a  g iven one of t h e s e  meshes, which w i l l  be 
c a l l e d  mesh i .  I n  t h i s  c a s e ,  t h e  environment of one mesh i s  eva l -  
uated by H environmental  e v a l u a t i o n  i t ems .  The weighing o r  o rde r -  
ing of an environmental  e v a l u a t i o n  may d i f f e r  according t o  t h e  
l and  use i n  a  region.  
. 5 .  - p r e s e n t  l e v e l  of environmental  e v a l u a t i o n  i t e m  h i n  
n ?. 
mesh i .  
3 - i 2 s tandard  of anvironmental  e v a l u a t i o n  i tem h f o r  land 
use k ( e . g . ,  environmental  q u a l i t y  s t a n d a r d ) .  
. Y . - degree  of p lanning f o r  environmental  e v a l u a t i o n  i t em 
II ', i i n  mesh i. 
Hence, i f  >ii , h5'k it is n o t  necessa ry  t o  make b e h a v i o r a l ,  
developmental ,  o r  l o c a t i o n a l  space  changes. 
~f  hL,; < i 3 2 ,  i t  i s  necessary  t o  nake b e h a v i o r a l ,  develop- 
mental ,  o r  l o c a t l o n a l  space changes. 
The environment i n  a  region is  eva lua ted  according t o  t h e  
a r e a s  of human flow, l i v i n g  c o n d i t i o n s ,  and c o n d i t i o n s  of work 
corresponding t o  land use .  The environmental  e v a l u a t i o n  i tems 
c o n s i s t  of land f e a t u r e s  such a s  geography and geology,  and 
those  f a c t o r s  t h a t  a r e  a f f e c t e d  by o t h e r  r eg ions .  For example, 
n o i s e  p o l l u t i o n ,  a i r  p o l l u t i o n ,  water  p o l l u t i o n ,  t r a f f i c  a c c i -  
d e n t s ,  and t ime o r  c o s t  of  commuting t o  s c h o o l ,  work, o r  shop- 
p ing,  which f a l l  under t h e  c a t e g o r i e s  of h e a l t h ,  s a f e t y ,  conven- 
i ence ,  and economy, a r e  caused and in f luenced  by f a c t o r s  i n  re-  
g i o n s  o u t s i d e  t h e  one under c o n s i d e r a t i o n .  
Th i s  i s  c a l l e d  t h e  i n t e r a c t i o n  e f f e c t  between t h e  d i s t r i c t  
i under c o n s i d e r a t i o n  and t h e  a f f e c t i n g  d i s t r i c t  j .  One method 
of r e p r e s e n t i n g  t h i s  i s  t h e  fo l lowing:  
where 
- t h e  i n t e r a c t i o n  e f f e c t  on environmental  e v a l u a t i o n  
m P i  i tem rn of  d i s t r i c t  i .  
1 R . :  - t h e  d i s t a n c e  r e s i s t a n c e  between d i s t r i c t s  i and j 
2, ( e .  g .  , 3 is  d i s t a n c e ,  1 is c o n s t a n t )  . 
, p j Z i  - t h e  p o t e n t i a l  t o  i n f l u e n c e  t h e  i n t e r a c t i o n  e f f e c t  
i n  d i s t r i c t  < of environmental  e v a l u a t i o n  i tem a r i s -  
ing  i n  d i s t r i c t  ,j ( e . g . ,  n o i s e ,  exhaust  g a s  e t c . )  . 
n $ q  has t h e  same c h a r a c t e r  a s  hLi but  they d i f f e r  i n  t h a t  
t h e  former involves  mutual i n f l u e n c e s  among d i s t a n c e s  and t h e  
l a t t e r  i s  s p e c i f i c  f o r  a  g iven d i s t r i c t .  
I f ,  a t  a  g iven p o i n t ,  t h e  c o n d i t i o n s  a r e  e x p r e s s i b l e  i n  
equa t ion  ( 4 )  then t h e s e  a r e  n o t  environmental  problems, b u t  i f  
the  s i t u a t i o n  f a l l s  under equa t ion  ( 5 )  , some kind of a c t i o n  must 
be undertaken.  When behav io ra l  space-change by people t o  t h e i r  
environment becomes impossible  o r  when a  p r o j e c t  i s  designed 
wi thout  r egard  t o  t h e  d i s t r i c t  under c o n s i d e r a t i o n ,  then  equa- 
t i o n  ( 5 )  is suggested.  However, t h e r e  a r e  an i n f i n i t e  number of 
s o l u t i o n s  t h a t  s a t i s f y  t h e  c o n d i t i o n s  f o r  equa t ion  ( 5 )  . The f o l -  
lowing is one p o s s i b i l i t y .  
Without cons ide r ing  t h e  l o c a t i o n  a t  t h i s  p o i n t ,  i f  t C t . 7  i s  
t h e  behav io ra l  c o s t  i n  d i s t r i c t  i ,  and C j . 2  i s  t h e  developmental 
c o s t ,  then t h e  c o s t  f u n c t i o n s  a r e a s  fo l lows :  
k%i - t h e  0-1 v a r i a b l e  represe?t ing t h e  planned l and  use ,  
= 1 i f  land use  k is app l i ed  i n  d i s t r i c t  i 
= 0 otherwise  
S; - t h e  0-1 v a r i a b l e  r e p r e s e n t i n g  t h e  p r e s e n t  land u s e ,  2 
= 1 i f  l and  nse 2 i s  app l i ed  i n  d i s t r i c t  i 
= 0 otherwise  
In a d d i t i o n ,  t h e r e  a r e  t h e  fo l lowing c o n s t r a i n t s :  
.x I 
0 ,  k x i Z '  o c  = 1 L i t  s < I  ( 9 )  
rc" I k= 1 
In t h e  c a s e s  where mixed land use i s  fo rb idden ,  equa t ion  ( 9 )  is  
c o n s t r a i n e d  t o  al low only  s i n g l e  l and  use.  
If  we r e w r i t e  equa t ion  ( 5 )  using a  0-1 v a r i a b l e ,  then i t  
becomes : 
F u r t h e r ,  t h e  f a c t o r s  c o n s t r a i n i n g  t h e  demand and resources  y i e l d  
the  fo l lowing equat ion:  
where 
i 3 i  - t h e  degree of p lanning In  d i s t r i c t  i f o r  land use i 
5. - t h e  t o t a l  demand f o r  l and  use .? i n  t h e  reg ion  
4Ai - t h e  p o s s i b l e  c a p a c i t y  f o r  land use i i n  d i s t r i c t  C 
Now, i f  f o r  s i m p l i f i c a t i o n ,  we do n o t  c o n s i d e r  t h e  i n t e r -  
a c t i o n  among d i s t r i c t s ,  t h e  economical a c t i o n  t h a t  s a t i s f i e s  t h e  
c o n s t r a i n t s  mentioned above i s  expressed i n  terms of equa t ions  
( 4 )  and ( 5 )  a s  fo l lows:  
where 1 1  is  t h e  arrangement c o s t .  We minimize t h e  o b j e c t i v e  
f u n c t i o n  ( 12) . 
3 .  MODEL FORMULATION 
Let  u s  r e s t a t e  t h e  assumptions i n  o u r  model f o r m u l a t i o n  [ 2 ] :  
- The t o t a l  l and  u s e  demand i n  t h e  r e g i o n  is c o n s t a n t .  
- The l o c a t i o n a l  p a t t e r n  of  munic ipa l '  f a c i l i t i e s  such  a s  
r o a d s ,  r a i l w a y s ,  a i r p o r t s ,  s t a t i o n s ,  g a s  and e l e c t r i c a l  
s e r v - i c e s ,  wa te r  supply  e t c . ,  i n  t h e  r e g i o n  i s  g iven  
( n o t e  t h a t  t h e  munic ipa l  i n s t i t u t i o n s  such a s  s c h o o l s  
and h o s p i t a l s  a r e  c l a s s i f i e d  a s  r e s i d e n t i a l  f a c i l i t i e s ) .  
- The c a p a c i t y  r a t i o  i s  g iven  a s  a  f i g u r e  r e l a t e d  on ly  t o  
l and  use .  
- The envi ronmenta l  i t e m s  can be c l a s s i f i e d  independen t ly  
of  one a n o t h e r ,  and t h e i r  l e v e l s  can be o rde red .  
- The envi ronmenta l  q u a l i t y  s t a n d a r d s  a r e  g iven .  
- The env i ronmenta l  q u a l i t y  s t a n d a r d  of  t h e  o b j e c t i v e  a r e a  
is s a t i s f i e d  by a  combinat ion  of  improvemental ,  develop- 
men ta l ,  and i o c a t i o n a l  space  changes .  
- The e f f e c t  on surrounding d i s t r i c t s  accompanying t h e  
changes  i n  land use is  n e g l i g i b l e .  
- The c o s t s  accompanying developmenta l  o r  l o c a t i o n a l  changes. 
a r e  n o t  r e l a t e d  t o  t h e  d i s t a n c e .  
- Cost  is p r o p o r t i o n a l  t o  t h e  occupied  l a n d  a r e a .  
3 1 . Case of  S i n g l e  Land U s e  
The n o t a t i o n s  may be e x p l a i n e d  a s  f o l l o w s :  
Z - t h e  p r e s e n t  mlx r a t i o  of  l and  use i i n  mesh C k i ( 0  2 ?Zi - 5 1 )  
A' - t h e  t o t a l  f l o o r  space  wi th  l a n d  use i i n  a l l  of  t h e  
l o c a t i o n a l  s l t e s  
A - t h e  t o t a l  a r e a  of  t h e  a l t e r n a t i v e  s i t e  
id  i - t h e  t o t a l  f l o o r  space  w i t h  l a n d  use  i i n  t h e  whole 
of  mesh i 
.-I. - t h e  r o t a 1  u s a h l e  space  i n  mesh < 
C i .;.I - the cost of improvements for land use 2 in mesh i 
P k " <  . 2  - the developmental cost for land use 4 in mesh i (note kC is the developmental cost for land use i ,  
i " 7 J . 2  = k c  A . )  ?, 
; C 3  - the locational cost for land use 2 in all of the 
alternative locational sites 
X . - a 0-1 variable i 3 
= 1 if land use .i is effected in mesh i 
= 0 otherwise 
V' - a continuous variable; the mix ratio of land use 
in all of the alternative land use sites 
I - the total cost (note it includes only the arrangement 
cost ) 
Further, the developmental cost is proportional to the area: 
this is represented in theconceptual scheme shown in Figure 1 .  
The cases of single land use are formulated as follows: we 
now have the following 0-1 mixed integer programming problem [3, 
u ,  51 
subject to 
a.Present land use b.Land use after c.P~ece of mesh 
.mesn L land use k )  rearrangement concerned th 
(mesh 1 land development 
use k )  (locatlonal cosc 
F i g u r e  1 .  Conceptua l  scheme f o r  c a l c u l a t i n g  development 
( l o c a t i o n a l )  c o s t  f o r  s i n g l e  l a n d  use .  
3.2.  Case o f  Mixed Land use  
The n o t a t i o n  i s  t h e  same a s  i n  3.1.  I n  t h i s  c a s e ,  however, 
t h e  v a r i a b l e  i%i is c o n t i n u o u s ,  representing t h e  mix r a t i o  of  
l a n d  use  k i n  mesh 1 ( 0  5 i X i  6 1 ) .  F i g u r e  2  shows t h e  l i n e a r  
r e l a t i o n s h i p  between t h e  developmenta l  c o s t  and t h e  mix r a t i o  
expres sed  a s  a c o n c e p t i o n a l  scheme. 
Be fo re  t h e  f o r m u l a t i o n ,  l e t  u s  d e f i n e  t h e  v a r l a b l e  i % j  a s  
t h e  variables ( 1 )  and  i%i ( 2 ) ,  and a p p l y  s e p a r a b l e  l i n e a r  pro-  
gramming: 
n o t e :  i f  k%.; ) c k Z  . , t h e n  ?Xi ( 2 ,  = 0. 
Hence, t h e  fo rmula t ion  i s  a s  f o l l o w s :  w e  now have t h e  f o l -  
lowing l i n e a r  programming problem [6, 7 1 : 
In this c a s e ,  
Delopment 
costa0  . 
- 
a )  Present Land Use b) Land Use a f t e r  Rearrangement 
( mesh i, land use k ) ( if kzi 
-w -+ 
C )  ?resent  Land use d )  Sand Use a f t e r  e )  Piece of Mesh 
( .  mesh i ,  land use k Rearrangement Concerned with 
( if ,Xi > kZi 1 Development COS t 
Figure 2 .  Conceptual scheme f o r  c a l c u l a t i n g  development c o s t  
f o r  mixed land u s e .  
s u b j ec t  t o  
4 .  APPLICATIONS AND DISCUSSION 
The o b j ec t i v e  a r ea  of t h i s  study i s  a  d i s t r i c t  located t o  
t h e  e a s t  of Osaka I n t e r n a t i ona l  Ai rpor t .  This d i s t r i c t  is  lo- 
ca ted  beneath t h e  paths  of landing a i r c r a f t  and i s  a f f ec t ed  by 
var ious  problems such a s  a i r  p o l l u t i o n ,  a i r c r a f t  no i s e ,  and noise  
a r i s i n g  from f a c t o r i e s  and expressways. On t h e  o t h e r  nand, i ts  
l o c a t i o n  o f f e r s  a  convenient mass t r a n s p o r t a t i o n  t o  t h e  c e n t r a i  
business d i s t r i c t .  For t h i s  reason,  t h e  d i s t r i c t  has developed 
a s  a  t y p i c a l  urban sprawl s ince  World War I1 and is charac te r -  
ized by densely  crowded low-cost apartment houses. In gene ra l ,  
t h e r e f o r e ,  it i s  a  very poor l i v i n g  environment. 
We app l ied  t h e  zoning neasure  o f  a  200 m x 200 m square t o  
t h e  ob j ec t i v e  region mentioned above i n  t h i s  study and i n  our 
c a l c u l a t i o n s  we used t h e  d a t a  f o r  t h e  o00 m x 400 m square der ived 
from t h e  d a t a  f o r  t h e  200 m x 200 m square  [ 8 ,  9 1 .  Then, a s  
independent environmental eva lua t ion  i tems were int roduced,  not 
only the  a i r c r a f t  noise  but a l s o  n a t u r a l  geographic condi t ions ,  
convenience of r a i lways  and roads ,  and t r a f f i c  no i se  and a i r  
p o l l u t i o n  c o n d i t i o n s .  These have been ranked i n  Table  1 s o  t h a t  
they may Se handled s y s t e m a t i c a l l y .  I n  a d d i t i o n ,  t h e  environ- 
mental q u a l i t y  s t andard  f o r  each l and  use of t h e  o b j e c t i v e  re-  
g ion i n  t h i s  s tudy  is shown i n  Table  2 .  
I n  s e t t l n g  t h e s e  s t a n d a r d s ,  we r e f e r r e d  t o  t h e  r e p o r t s ,  
laws,  and r e g u l a t i o n s  publ ished o r  i s s u e d  by t h e  c e n t r a l  and 
r u r a l  governments ( 1 0 ,  1 1 1 .  F u r t h e r ,  t h e  v a l u e s  wi th  r e s p e c t  t o  
c o s t s  and t o t a l  c a p a c i t y  r a t i o  f o r  each l and  u s e ,  shown i n  Tables  
3 and 4 ,  were de r ived  from v a r i o u s  r e f e r e n c e  m a t e r i a l s  [12, 1 3 1 .  
Based on t h e  d a t a  mentioned above,  t h e  op t ima l  s o l u t i o n s  and 
c o s t s  f o r  s i x  c a s e s  aze  shown i n  Table  5 .  
I n  a d d i t i o n ,  t h e  p r e s e n t  s t a t e  of l and  use  i n  t h e  o b j e c t i v e  
reg ion ,  t h e  land use by t h e  rearrangement method of c a s e  2 ,  and 
t h e  l and  use by t h e  rearrangement method of c a s e  5 a r e  shown i n  
F igures  3-5 a s  examples. F u r t h e r ,  t h e  computation time f o r  each 
c a s e  i s  shown i n  Table 6 .  
The conc lus ions  drawn from t h e  r e s u l t s  ob ta ined  above may 
be summarized a s  fo l lows:  
( i ) .  ' h e n  t h e r e  i s  an a i r p o r t  invo lved ,  t h e  rearrangement 
c o s t  1s about  1 0 0  b i l l i o n  yen g r e a t e r  t h a n  c a s e s  n o t  invo lv ing  
a i r p o r t s .  
(i i) .  A rearrangement method t h a t  i g n o r e s  t h e  improvement 
method i s  more expensive than  one t h a t  i n c l u d e s  it. This  i s  due 
t o  t h e  h igh  c o s t  of developing t h e  l and  i n  t h e s u r r o u n d i n g  a r e a ,  
which has been s e l e c t e d  a s  an a l t e r n a t i v e  l o c a t i o n a l  s i t e  f o r  
t h e  reg ion  under c o n s i d e r a t i o n .  
(iii). Because t h e  t o t a l  c o s t s  have Seen minimized, t h e  
rearrangment p a t t e r n  of l and  use i n  t h e  reg ion  is  decided a r b i -  
t r a r i l y .  The use of each p i e c e  o f  l and  i s  determined wi thout  
r egard  t o  i t s  surroundings .  This  p a t t e r n  does n o t  n e c e s s a r i l y  
c o i n c i d e  wi th  p a t t e r n s  t h a t  have been h i t h e r t o  c r e a t e d  by govern- 
ment des igna ted  o b j e c t i v e  d i s t r i c t s  f o r  surrounding and r e l o c a -  
t i o n  compensatlon ( t h e s e  d e s i g n a t i o n s  have been made independent ly  
f o r  each land-use ca tegory)  . 
( i v ) .  The l o c a t i o n  p a t t e r n  of  l and  use f o r  environmental  
rearrangement t ends  towards a  c e n t r a l i z a t i o n  of each l and  use i n  
t h e  reg ion .  Th i s  r e p r e s e n t s  more e x p l i c i t l y  t h e  model of s i n g l e  
iand use.  
( v )  . The t o t a l  c o s t  of t h e  mixed-land-use model i s  iower 
than t h a t  of  t h e  s ingle- land-use  model under t h e  same c o n d i t i o n s  
S ince ,  however, t h e  mixed-land-use model c r e a t e s  land-use a l l o -  
c a t i o n  p a t t e r n s  wi th in  each mesh, t h e r e  a r e  l a t e n t  c o s t s  a s soc i -  
a t e d  wi th  t h i s  t y p e  of  model. Thus, it i s  d i f f i c u l t  t o  make 
p r e c i s e  comparisons between t h e  t o t a l  c o s t s  of s ingle- land-use  
node l s  and t h o s e  of nixed-land-use models. 
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Table 5.  Optimal s o l u t i o n s .  
Case wi th  1  0 8  yen 
Development 
and Nixed Land Use With A i r p o r t  Case 1  6 9 5 4  
Locat lonal  
Change Only 
With Ai rpor t  Case 2  2 2 2 8  
Case wi th  Nixed Land Use Development Case 3  2 7 8 5  
Locat i o n a l  , 
and Without A i r p o r t  Case '-! 1 8 2 7  
Improvement 
Change S ing le  Land Use With A i r p o r t  Case 5 3 3 6 1  
Without A i r p o r t  Case 6  3 3 5 6  
Table 6. Computation time. 
Nodel Name Case 1  Case 2 Case 3  Case 4  Case 5  Case 6  
Number of 
Var iab les  5 8 8  5 8 8  5 8 8  6 0 8  1 3 6  3 1 6  
Number of 
C o n s t r a i n t s  6 6 2  6 6 2  6  6  2  6  6 7  7  1  8  3  
T o t a l  CPU 
Time ( m s )  5 8 1 5 0  1 3 3 7 9 6  1 3 8 0 7 5  1 3 7 7 2 9  1 1 7 9 8  1 8 7 0 0  
T o t a l  CORE 
Time ( m s )  4 5 7 6 2 0  69U485 7 1 8 9 5 6  6 9 1 4 4 2  8 7 7 2 0  9 1 2 3 3  
Note: Cases 1-4 use l i n e a r  programming. 
Cases 5-6 use approximate i n t e g e r  ?rogramming. 
F i g u r e  3 .  P r e s e n t  land u s e .  
F i g u r e  4 .  Optimal land use of case 2 .  
Figure 5 .  Optimal l and  use of case 5 .  
Thus, ~ f  we de f i ne  a  s o c i a l  c o s t  from a i r c r a f t  nolse  a s  the  
d i f f e r e nce  In the  t o t a l  c o s t  wlth respec t  t o  a  rearrangement f o r  
land use i n  ob j ec t i ve  regions with and without a i r p o r t s ,  then it 
is p o s s ib l e  t o  roughly e s t a b l i s h  t h e  s o c i a l  c o s t  of a i r c r a f t  
no i se ,  r e s p o n s i b i l i t y  f o r  which should be borne by those causing 
it. The environmental q u a l i t y  s tandards  used i n  t h i s  s tudy were 
a l ready e s t ab l i shed .  The method by which they were e s t a b l i sh e d  
is beyond t h e  scope of t he  p resen t  paper and thus  w i l l  not be 
d e a l t  wi th  here .  
F i n a l l y ,  the  value obtained i n  t h i s  manner does no t  always 
s a t i s f y  t he  condi t ions  t h a t  equat ion ( 1 )  i s  p o s i t i v e ,  o r  equat ion 
( 3 )  is g r e a t e r  than one. In p a r t i c u l a r ,  i t  i s  necessary t o  t r a n s -  
f e r  b e n e f i t s  from t h e  group comprising t h e  use r  D and a f f e c t i n g  
par ty  Z t o  t h e  group comprising 5 and Z 2 ,  so  t h a t  t h e  burden of 
c o s t s  is d i s t r i b u t e d  f a i r l y .  W e  can o b t a in  t h e  s tandards  f o r  
t h i s  d e c e n t r a l i z a t i o n  by applying a  dua l  problem t o  t h e  model 
mentioned above [ I U ,  1 5 ,  1 6 1 .  
A s  mentioned above, i f  t h e  t r a n s p o r t a t i o n  and t r a f f i c  vol-  
ume a t  t h e  terminal  2 is provided, w e  can f o r e c a s t  t h e  l e v e l s  of 
exhaust  gas ,  v i b r a t i o n ,  and noise  occurr ing t h e r e .  W e  can a l s o  
c a l c u l a t e  t he  c o s t s  required f o r  rearrangement of land use t o  
s a t i s f y  t he  environmental q u a l i t y  s tandards  o r  demand f o r  2o l lu -  
t i o n  prevent ion corresponding t o  each land use.  
In a c t u a l  p r a c t i c e ,  however, a u t h o r i t y  f o r  the  t e rmina l  i s  
o f t e n  inves ted  i n  l oca l  pub l ic  bodies ,  which must pay c l o s e  a t -  
t e n t i o n  t o  t h e  demands and d e s i r e s  of l o c a l  r e s i d e n t s .  In  addi-  
t i o n  those who use t r an spo r t  s e r v i c e s  may no t  always a c t  i n  t h e  
b e s t  i n t e r e s t s  of na t i ona l  economy, s i n c e  they opera te  under in- 
. s t i t u t i o n a l  r e s t r i c t i o n s  such a s  t h e  nationwide uniform t r a n s p o r t  
f a r e  system, f o r  example, i f  a  t e rmina l  is loca ted  on t h e  out-  
s k i r t s  of a  l a r g e  c i t y .  The e x t e rn a l  diseconomies thereby cre-  
a ted  may be g r e a t ,  but  they a r e  not  borne by t h e  t r a n s p o r t e r ;  i n  
f a c t ,  t h e  t r a n s p o r t e r s  w i l l  tend t o  be a t t r a c t e d  t o  such a r e a s  
by t h e  s i z a b l e  b e n e f i t s  t h a t  can be der ived by them from such 
l o c a t i o ns .  
In c o n t r a s t  with t h i s ,  t e m i n a l  l o c a t i o n s  having r e l a t i v e l y  
low p o l l u t i on  prevention c o s t s  a r e  u su a l l y  c h a r a c t e r i z e d  by exces- 
s i v e  t r an spo t  c o s t s ,  and so tend t o  be avoided. 
Thus, i n  o rder  t o  make t h e  phys ica l  d i s t r i b u t i o n  a c t u a l l y  
follow a  path  t h a t  i s  favorable  f o r  the  n a t i o n a l  economy, it i s  
necessary t o  adapt and ad ju s t  c o s t  burden, b e n e f i t  t r a n s f e r ,  sub- 
s i d y ,  and surcharge systems. 
Next, we consider  t h e  following t h r e e  economic bodies a s  
t h e  ones t h a t  t ake  ac t i on  t o  maximize n e t  b e n e f i t s :  
- c e n t r a l  planning body (adjustment  body) 
- t e rmina l  a u t h o r i t y  body (body o f f e r i n g  f a c i l i t i e s )  
- user  o r  shipper  (we assume he i s  cooperat ing wi th  t h e  
t r an spo r t e r  i n  o rder  t o  s a t i s f y  t r a n s p o r t a t i o n  demand 
i n  the  region.  Hereln we w i l l  not  t ake  up the  problem 
of imputation of b e n e f i t s  among t r a n s p o r t e r s ) .  
The following s i x  p o l i c l e s  may be considered a s  poss ib le  
a d ~ u s t m e n t  methods of t he  cencra l  planning body. 
1 The t e r m i n a l  a u t h o r i t y  b o d i e s  l e v y  c h a r g e s  of 
r ( 1  & r 0 )  t imes  t h e  b e n e f i t  d e s i r e d  from t h e  t e r m i n a l  u s e  upon 
t e r m i n a l  u s e r s .  
( i i i .  The t e r m i n a l  a u t h o r i t i e s  bea r  i t i m e s  t h e  c o s t  of 
p o l l u t i o n  p r e v e n t i o n  made n e c e s s a r y  by t r a n s p o r t a t i o n  a c t i v i t y  
t a k i n g  p l a c e  a t  g iven  terminals. 
( i i i ) .  S u b s i d i e s  a r e  p rov ided  f o r  o p t i m a l  s c a l e  p l a n n i n g  
and o p t i m a l  s i t e  l o c a t i o n  of t e r m i n a l s  f o r  t h e  purpose  of maxi- 
miz ing  b e n e f i t s .  
( i v ) .  P e n a l t y  c h a r g e s  o r  s u r c h a r g e s  a r e  l e v i e d  on p l a n s  f o r  
l o c a t i o n a l  s i t e s  t h a t  a r e  n o t  t r u l y  o p t i m a l .  
( v ) .  T r a f f i c  c o n g e s t i o n  c h a r g e s  a r e  l e v i e d  on t h o s e  who u s e  
t e r m i n a l s  o p e r a t i n g  a t  f u l l  c a p a c i t y .  
( v i ) .  The f e e  of  ( 1  - r )  t i m e s  t h e  p o l l u t i o n  p r e v e n t i o n  
c o s t s  n e c e s s i t a t e d  by a  g i v e n  t e r m i n a l  1s l e v i e d  a g a i n s t  t h e  u s e r s  
of t h e  t e r m i n a l .  
The above d e s c r i b e d  d e c e n t r a l i z e d  achievement  is r e p r e s e n t e d  
i n  F i g u r e  6 .  Hence w e  may t h i n k  of  1 a s  a  p o l i c y  v a r i a b l e  to  be 
de t e rmined  by t h e  c e n t r a l  government .  On t h e  one hand,  i t  would 
appea r  t h a t  t h e  t e r m i n a l  a u t h o r i t y  b o d i e s  shou ld  be r e s p o n s i b l e  
f o r  t h e  main tenance  of  p u b l i c  f a c i l i t i e s  such  a s  t h e  t e r m i n a l s .  
But t h e  t e r m i n a l  u s e r s  ( s h i p p e r s )  shou ld  be r e s p o n s i b l e  f o r  d i s -  
economies a r i s i n g  from t h e  t e r m i n a l  u s e .  
I n  t h i s  view t h e n ,  it would seem t h a t  z i  = 0 .  However, a s  
f a r  a s  t e r m i n a l  a u t h o r i t y  bod ie s  l e v y  c h a r g e s  on u s e r s  of  t h e i r  
t e r m i n a l s ,  it would seem t h a t  t h e y  shou ld  a l s o  c a r r y  a  s h a r e  of  
t h e  d iseconomies  a r i s l n g  s o  t h a t  1 > 0 .  
5 .  PROBLEMS OF ACTUAL AF'PLICATION 
The c a s e s  i n  which p l a n n i n g  methods have f a i r l y  e v a l u a t e d  
t h e  n e t  c o s t s  and c o s t  a l i o c a t i o n ,  e s p e c i a l l y  a s  t h e y  r e l a t e  t o  
t h e  a r e a s  su r round ing  t h e  t e r m i n a l s ,  have been few. 
I n  1967 it became n e c e s s a r y  t o  t a k e  some a c t i o n  w i t h  r e g a r d  
t o  l a r g e - s c a l e  a i q o r t s ,  and a c c o r d i n g l y  " t h e  Act of P r e v e n t i o n  
of Xegat ive  E f f e c t s  Upon Areas Surrounding  A i r ? o r t s U  was e s t a b -  
l i s h e d .  Fo l lowing  t h e  l aunch ing  of  t h i s  a c t ,  c e r t a i n  a i r ? o r t s  
were d e s i g n a t e d  by government o r d i n a n c e  a s  o n e s  whose su r round ing  
a r e a s  s u s t  be r e a r r a n g e d .  The government  demanded t h a t  t h e s e  
a l r p o r t s  set up a  p u b l i c  c o r p o r a t i o n ,  " O r g a n i z a t i o n s  f o r  Rearrange-  
n e n t  of t h e  Surrounding  A r e a , "  i n  o r d e r  t o  f o r m u l a t e  t h e  r e a r r a n g e -  
s e n t  p l a n s ,  and t o  p u t  t h e s e  p l a n s  i n t o  p r a c t i c e .  
Although t h e s e  o r g a n i z a t i o n s  a r e  concerned  o n l y  w i t h  a i r -  
?arts, o u r  s t u d y  has  been unde r t aken  i n  o r d e r  t o  propose  a  meth- 
odology f o r  e s t a b l i s h i n g  t h i s  kind. of  t e r m i n a l  p l ann ing  on a  
b roade r  b a s i s .  However, a l t h o u g h  t h e  e n v i r o n m e n t a l l y  a f f e c t e d  
a r e a s  have a  p u b l i c  a s p e c t  i n  t h e  form of r o a d s ,  r a i l w a y s ,  p o r t s ,  

h a r b o r s ,  and a i r p o r t s ,  a  s u b s t a n t i a l  problem remains  a s  t o  what 
d e q r e e  t h e  government can  Legal ly  e x e r c i s e  c o n t r o l  ove r  t h e  p r i -  
v a t e l y  owned l a n d .  The r e s u l t s  of c a l c u l a t i o n  by t h e  n o d e l  a r e  
no t  i n t ended  t o  suppor t  t h e  r a t i o n a l e ,  based upon a  number of 
a s sumpt ions ,  t h a t  has  been d e r i v e d  by t h e  government.  I n  add i -  
t i o n ,  it should  be 2 o l n t e d  o u t  t h a t  t h e r e  is an a s p e c t  of s n c e r -  
t a i n t y  based on humanity i n  cne  r e a d j u s t m e n t  of b e n e f i t s  and 
c o s t s  i n  t h e s e  a r e a s ,  and a v a r i e t y  of p o s s l b l e  r e sponses  b y  t h e  
r e g i o n a l  i n h a b i t a n t s .  A d j u s t i e n t s  would c r e a t e  dynan lc  changes  
i n  t r a f f i c  demand by e f f e c t i n g  d e c e n t r a l i z e d  achievement ,  t h u s  
c r e a t i n g  problems f o r  t h e  su r round ing  a r e a s .  N e v e r t h e l e s s ,  w h i l e  
t h i s  s t u d y  is n o t  a b l e  t o  p rov ide  a  d i r e c t  s o l u t i o n  f o r  s u c h  
problems,  we b e l i e v e  t h a t  it cou ld  s e r v e  a s  a  v a l u a b l e  informa- 
t l o n  s o u r c e  t o  h e l p  s o l v e  such  problems.  
b FURTHER INVESTIGATIONS 
A s  mentioned i n  s e c t i o n  5 ,  lt i s  n e c e s s a r y  t o  e s t a b l i s h  a  
method f o r  t h e  compensat ion of l o s s e s  and a  d e f e n s e  a g a i n s t  p o l -  
l u t i o n  caused  by f r e q u e n t  t a k e - o f f s  and l a n d i n g s  o f  a i r c r a f t  a t  
specified a i r p o r t s .  W e  d e s c r i b e d  one of t h e s e  methods i n  s e c t i o n  
2 ,  bu t  f u r t h e r  i n v e s t i g a t i o n s  a r e  r e q u i r e d  i n  o r d e r  t o  make t h i s  
method u s e f u l .  These i n v e s t i g a t i o n s  must c o n c e n t r a t e  on: 
(1) .  The measurement of e f f e c t s  on t h e  r e l e v a n t  human and 
s o c i a l  activities and t h e  n a t u r a l  ecosys tems I n  t h e s e  a r e a s ,  and 
t h e  accumula t ion  of  d a t a  on d i r e c t  and i n d i r e c t  b e n e f i t  c o s t s  
c r e a t e d  by s a t i s f y i n g  t h e  t r a f f i c  demand. 
(i i) .  S y s t e m a t i z a t i o n  o f ;  ( a )  comprehensive p l a n n i n g  
methods c o n t a i n e d  i n  t h e  problem of r e a r r a n g i n g  t h e  su r round ing  
a r e a s ,  and ( b )  t e r m i n a l  l o c s t + o n  p l ann lng  a s  a  p a r t  of  t h e  func-  
t i o n a l  e f f i c i e n c y  of t h e  f l o d ' f r e i g h t  from o r i g i n  t o  d e s t i n a t i o n .  
( i i i) .  P r o p o s a l s  of t h e  ne thodology of d e c e n t r a l i z e d  
achievement ,  t h e  e x e c u t i v e  o r g a n i z a t i o n s ,  and t h e  new i n s t i t u t i o n s  
c r e a t e d  t o  p u t  t h i s  p l ann ing  i n t o  p r a c t i c e .  
Although t h i s  s t u d y  v l l l  o n l y  p r o v i d e  a  b a s i s  f o r  t h e s e  i n -  
v e s t i g a t i o n s ,  it i s  cons ide red  t h a t  it w i l l  be  v e r y  u s e f u l  when- 
e v e r  t h e  f u n c t i o n s  of a  t e r m i n a l  a r e  i n c r e a s e d  o r  new t e r m i n a l s  
a r e  l o c a t e d  I n  a r e a s  of c o n c e n t r a t e d  p o p u l a t i o n  and i n t e n s i v e  
l and  use  such  a s  i n  Japan.  
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Thi s  pape r  conce rns  an e n v i r o n m e n t a l  impact  a n a l y s i s  model 
f o r  d e c i s i o n  making i n  r e g i o n a l  ? l a m i n g  and management. I t  i s  
composed of t h r e e  env i ronmen ta l  impact  submodels:  an  a i r  p o l l u -  
t i o n  model (APM), a  w a t e r  p o l l u t i o n  model (WPM), and a  node l  f o r  
s o l i d - w a s t e  d i s p o s a l ,  e s p e c i a l l y  i n c l u d i n g  p l a s t i c  was t e  (SWM). 
A l l  t h e  submodels a r e  s e t  up t o  be i n t e r c o n n e c t e d  i n  a  s i m p l e  
b u t  e f f e c t i v e  way t o  a n a l y z e  t h e  e s s e n t i a l  Z e a t u r e s  of e n v i r o n -  
men ta l  impac t s  i n  t h e  r e g i o n .  
T h i s  model h a s  been used t o  make an impact  a n a l y s i s  f a r  t h e  
Xinki  r e g i o n ,  one o f  t h e  economica l ly  i m p o r t a n t  r e g i o n s  i n  J apan .  
The r e s u l t s  f o r  t h i s  c a s e  l n d i c a t e  t h a t  it 1s f e a s i b l e  t o  a p p l y  
i t  t o  a s s e s s  f u t u r e  env i ronmen ta l  impacts  due  t o  p o p u l a t i o n  i n -  
c r e a s e ,  t o  changes  i n  p a t t e r n s  of m a t e r i a l  consumpt ion ,  and t o  
i n d u s t r i a l  a c t i v i t i e s  i n  t h e  r e g i o n .  
1 .  INTRODUCTION 
During t h e  l a s t  two decades  J apan  has  ach i eved  r a p i d  indus-  
t r i a l  deve lopment ,  b u t  u n f o r t u n a t e l y  i t  i s  a l s o  f a c i n g  some 
s e r i o u s  env i ronmen ta l  p o l l u t i o n  problems i n  i n d u s t r i a l i z e d  a r e a s .  
I t  1s i m p o r t a n t  t o  investigate env i ronmen ta l  management problems 
from a  broad  soc ioeconomic  p o l n t  of view. So Ear few r e s e a r c h  
efforts have investigated regional environmental quality by 
clarifying quantitatively the interrelations among production, 
consumption, and pollution. 
The purpose of this research is to construct a regional 
environmental impact model to assess the future environmental 
impacts due to the population increase and changes in the pattern 
of material consumption and industrial activities in a regron. 
Combining thrs model with an integrated regional development 
planning system [ I ]  as shown in Figure 1 ,  we can expect to find 
a better regional development strategy for the harmonious balance 
between socioeconomic activities and environment. The model is 
constructed so as to estimate each subregional environmental im- 
pact quantitatively, and a few environmental impact diagrams wrll 
be proposed to illustrate the comparison of environmental quality 
in subregions. 
The Kinki region of middle Japan is selected as the' objec- 
tive area of a case study. It is one of the most economically 
important regions in Japan and contains lots of socioeconomically 
different subregions, i.e., metropolitan areas, highly concen- 
trated industrial areas, old capital cities with traditional cul- 
ture, farm areas, etc. 
2. STRUCTURE OF THE XODEL FOR REGIONAL ENVIRONMENTAL T."?PACT 
ANALYSIS 
In this model, three kinds of pollution phenomena, water, 
air, and solid wastes, are considered in order to describe the 
regional environmental quality. The conceptual structure of the 
model is shown in Figure 2. The model is constructed to calcu- 
late the total emissions of pollutants in each subregion. The 
regronal environmental impacts are also calculated taking into 
account the environmental capacity of each subregion. The defi- 
nitions of terms in this figure are as follows 
,< - pollution sources 
l! - amounts of pollutants generated by source (tons/ 
year) 
S - amounts of pollutants emitted (tons/year) 
? - environmental impact indicators 
2 ; ;  - arimary generatLon factor of pollutant, where i rs 
- .I the type of pollutant and .j is the source of pollu- 
Ean t 
3 , : .  - secondary qeneration factor of pollutant, where i 
- u  < denotes the type of original pollutant, .j is the 
source of pollutant, and i denotes the type of 
secondary pollutant 
?; - coefficient of pollution control effect (percent) 

151; =< - - 1 
cn- 'A. - 
<; - t r e a t m e n t  r a t i o  of  p o l l u t a n t  ( p e r c e n t )  
JJ-. - r a t e  of run-off  ( p e r c e n t )  
There  a r e  t h r e e  major  relationships i n  t h e  x o d e l  m o n q  t h e  
n a j o r  v a r i a b l e s  of X ,  Y ,  Z, and ? a s  shown a c  t h e  t o p  of  F i g u r e  
2 .  
( i ) .  Raw p o l l u t i o n  g e n e r a t i o n :  Y = '(X) = ax , o r  
( ii) . Actua l  p o l l u t i o n  emis s ion  a f t e r  c o n t r o l s  and t r e a t -  
n e n t :  Z = 3 ( 3 ) ,  where 3 is a  f u n c t i o n  of 3 ,  3 ,   and^. 
( i i i) .  I n d i c a t i o n  o f  impact: P = h ( Z ) .  
Some examples of t h e  r e l a t i o n s h i p s  (i) and ( ii) w i l l  be d i s -  
cus sed  below f o r  each  p o l l u t i o n  phenomenon.. The r e l a t i o n s h i p  
(iii) w i l l  be d i s c u s s e d  i n  t h e  s u b s e c t i o n  of  r e g i o n a l  env i ron -  
menta l  impact  i n d i c a t o r s .  
2 . 1 .  Water P o l l u t i o n  Model ( W P M )  
There  a r e  many i t e m s  t h a t  i n d i c a t e  t h e  l e v e l  of  w a t e r  po l -  
l u t i o n  such a s  pH, BOD, COD, TOC, SS, DO, and heavy m e t a l s .  A s  
o u r  i n t e r e s t  is n o t  t o  i n v e s t i g a t e  t h e  v e r y  s p e c i a l  and v e r y  
l o c a l i z e d  w a t e r  p o l l u t i o n  phenomenon, it w i l l  be s u f f i c i e n t  t o  
i n v e s t i g a t e  such  i t ems  a s  BOD, COD, o r  DO. I n  t h i s  model o n l y  
t h e  3OD v a l u e  is  adopted  t o  i n d i c a t e  t h e  w a t e r  q u a l i t y  o f  r i v e r s  
b u t  it is p o s s i b l e  t o  add o t h e r  i t e m s  when it becomes n e c e s s a r y .  
? o l : d c l o n  S o u r c e s  
Two p o l l u t i o n  s o u r c e s  a r e  g i v e n  a s  an example t o  e x p l a i n  
t h e  methodology f o r  e s t i a a t i n g  t h e  p o l l u t i o n  l o a d ,  t h a t  i s :  
- r e s i d e n t i a l :  number of i n h a b i t a n t s  ( p e r s o n s )  
- i n d u s t r i a l :  annua l  i n d u s t r i a l  p r o d u c t i o n  amounts ,  which 
i s  expres sed  by t h e  v a l u e  of  sh ipmen t s ,  f o r  20 i n d u s t r i e s  
i n  t e rms  of J apanese  yen ( s e e  t h e  Appendix f o r  a  l i s t  of 
i n d u s t r i a l  c a t e g o r i e s ) .  
The coefficient Y ~ J  deno tes  t h e  g e n e r a t i o n  f a c t o r ,  where < 
i s  t h e  t y p e  of  p o l l u t a n t  and ; is t h e  s o u r c e  of  p o l l u t a n t .  For 
example : 
1,, is  t h e  g e n e r a t i o n  c o e f f i c i e n t  f o r  w a t e r  p o l l u t i o n  from 
z e s i d e n t s .  I t  depends on t h e  s t a n d a r d  o f  l i v i n g  and 
l i f e s t y l e  of r e s i d e n t s  and i s  expres sed  i n  u n i t s  of po l -  
l u t a n t  g e n e r a t e d  ? e r  u n i t  of  s o u r c e  ( e . g . ,  t h e  genera-  
t i o n  f a c t o r  of BOD i n  Japan i n  - 1 9 7 0  i s  4 4  g/person/  
day )  [ 2 1  
x I 2  +S t h e  genera t ion  c o e f f i c i e n t  of water  p o l l u t i o n  from 
industry. I t  depends on t h e  type of i n d u s t r y ,  t h e  
l e v e l  of technology,  e t c . ,  and i s  expressed i n  u n i t s  
of t o n s  of p o l l u t a n t  p e r  1 0 6  yens of product ion.  
To e s t u n a t e  t h e  water p o l l u t a n t s  e m i t t e d ,  t h e  fo l lowing  fac -  
t o r s  must be taken l n t o  account :  
r e s i d e n t i a l  - K~ ( d i f f u s i o n  r a t e  of p u b l i c  sewage) 
3 1  ( t r e a t m e n t  r a t i o  of  sewage) 
d 2  ( n i g h t  s o i l  t r e a t m e n t  r a t i o )  
u l  and o ( r a t e s  of  run-of f )  2 
i n d u s t r i a l  - ( c o e f f i c i e n t  of waste water  c o n t r o l  e f -  
3 3  f e c t  wi th in  each i n d u s t r y )  
K ( d i f f u s i o n  r a t e  of p u b l i c  sewage of  in -  
d u s t r i a l  waste wa te r )  
514 ( t r e a t m e n t  r a t i o  of sewage) 
d3 and u4 ( r a t e s  of run-of f )  
2 . 2 .  A i r  P o l l u t i o n  Model (APM) 
The a i r  p o l l u t a n t s  considered i n  APM a r e  p a r t i c u l a t e s ,  s u l -  
phur ox ides  (SOx) , n i t r o g e n  ox ides  (NOx)  , hydrocarbons ( H C )  , and 
carbon monoxide ( C O )  . 
?9i i u t i o n  S o u r c e s  
A s  sources  of a i r  p o l l u t i o n ,  t h e  i n d u s t r i a l ,  t r a n s p o r t a t i o n ,  
and gas  and e l e c t r i c  power g e n e r a t i o n  s e c t o r s  a r e  t aken  i n t o  ac- 
count i n  WM. The r e s i d e n t i a l  and commercial s e c t o r s  a r e  neg- 
l e c t e d  because of t h e  d i f f e r e n c e  of t h e  method of energy consump- 
t i o n  of t h e s e  s e c t o r s  i n  Japan compared wi th  o t h e r  c o u n t r i e s .  
However, it should  be noted t h a t  t h e  .QM i n  F igure  2  i n c l u d e s  
secondary a i r  p o l l u t i o n  caused by i n c i n e r a t i n g  s o l i d  wastes .  
P o l l u t i o n  sources  o,f i n d u s t r i a l  s e c t o r s  a r e  c l a s s i f i e d  i n t o  
2 0  c a t e g o r i e s  l i k e  WPM, and p o l l u t i o n  sources  of gas  and e l e c t r i c  
power s t a t i o n s  a r e  c a t e g o r i z e d  by t h e  type of s t a t i o n  and by t h e  
t r a n s p o r t a t i o n  s e c t o r .  Let us c o n s i d e r  motor v e h i c l e s  c l a s s i f i e d  
i n t o  n i n e  groups according t o  t h e  p o s s i b l e  combinations of i tems 
between t h e  fo l lowing two c a t e g o r i e s ;  t h a t  i s ,  by type of v e h i c l e  
(passenger  c a r ,  t r u c k ,  bus ,  and v e h i c l e  f o r  s p e c i a l  u s e ) ,  and by 
type  of f u e l  ( g a s o l i n e ,  LPG, d i e s e l  o i l ) .  
? o l l a t a n r a  G e n e r a t e a  and Z m i t t e d  
The fol lowing emiss ion f a c t o r s  a r e  adopted i n  APM t o  e s t i -  
mate p o l l u t i o n  loads  from i n d u s t r i a l ,  and g a s  and power genera- 
t i o n  s e c t o r s :  
x Z 2  1s t h e  generation c o e f f i c i e n t  of a i r  p o l l u t a n t s  f r o s  
industry, which depends on t h e  type of i n d u s t r y ,  and 
is expressed i n  u n i t s  of t o n s  of p o l l u t a n t  p e r  106 
y e a r s  of i n d u s t r i a l  product ion.  
z 2 3  is t h e  g e n e r a t i o n  c o e f f i c i e n t  f o r  gas  and e l e c t r i c  
power s t a t i o n s ,  which depends on t h e  type of s t a t i o n ,  
on t h e  type  of f u e l  used t h e r e ,  e t c . ,  and i s  expressed 
i n  u n i t s  of t o n s  of p o l l u t a n t  p e r  u n i t  of f u e l  used.  
In  Figure  2 ,  35  and 36  i n d i c a t e  t h e  c o e f f i c i e n t s  of a i r  p o l l u -  
t l o n  c o n t r o l  e f f e c t s .  
Concerning t h e  t r a n s p o r t a t i o n  s e c t o r ,  t h e  g e n e r a t i o n  f a c t o r  
of each p o l l u t a n t  323 (g/day/car)  is es t ima ted  t a k i n g  i n t o  ac- 
count t h e  average d r i v i n g  d i s t a n c e  and speed and t h e  average f u e l  
consumption f o r  each type  of v e h i c l e  mentioned p r e v i o u s l y .  No 
p o l l u t i o n  c o n t r o l  dev ices  a r e  considered h e r e ;  t h a t  is,  we as-  
sume t h a t  both t h e  g e n e r a t i o n  and emiss ion amounts of p o l l u t a n t s  
a r e  e q u a l  t o  each o t h e r  ( 2  = P). 
2.3. S o l i d  Wastes Model (SWI) 
?oZ l u t i o n  S o u r c e s  
There a r e  many kinds  of s o l i d  wastes and problems t o  be 
taken i n t o  account he re .  However, s i n c e  t h e  main purpose of t h i s  
s tudy i s  t o  i n v e s t i g a t e  t h e  r e g i o n a l  environmental  impacts re-  
l a t e d  t o  r e g i o n a l  human a c t i v i t i e s ,  i t  is not  necessa ry  t o  s tudy 
t h i s  problem i n  g r e a t e r  d e t a i l .  I n  t h i s  model, l e t  us  focus  our  
a t t e n t i o n  p a r t i c u l a r l y  on t h e  problem of p l a s t i c  was tes ,  which 
a r e  t y p i c a l  and important  s o l i d  wastes .  A s  p o l l u t i o n  s o u r c e s  of 
SWM, t h e  r e s i d e n t i a l  and i n d u s t r i a l  s e c t o r s  a r e  taken i n t o  ac- 
count .  
? o L l u t a n t s  G e n e r a t e d  and Z m i t r e d  
The g e n e r a t i o n  f a c t o r s  of s o l i d  wastes  f o r  r e s i d e n t i a l  and 
i n d u s t r i a l  s e c t o r s ,  331 and "32, r e s p e c t i v e l y ,  have a l r e a d y  been 
i n v e s t i g a t e d  i n  many reg lons  l n  Japan. The pe rcen tage  of p l a s t i c  
waste included wi th in  t h e  s o l i d  waste i s  wel l  e s t i m a t e d ,  and it 
is  p o s s l b l e  t o  adopt those  d a t a  i n  SWM. The f a c t o r s  involved i n  
t n i s  SWM a r e :  
c3  and X~ - t r e a t m e n t  r a t i o s  by i n c i n e r a t i o n  
<, - r e c y c l i n g  r a c i o  of p l a s t i c  waste  f o r  i n d u s t r i a l  
s e c t o r  
- 
d 3 1 2  and 3322 g e n e r a ~ i o n  f a c t o r s  of secondary  a i r  p o l l u -  t i o n  by i n c i n e r a t i o n  from r e s i d e n t i a l  and 
i n d u s t r i a l  s e c t o r s ,  r e s p e c t i v e l y .  
j6 and 8, - c o e f f i c i e n t s  o f  a i r  p o l l u t i o n  c o n t r o l  e f -  
f e c t .  
2 .4.  Impact I n d i c a t o r  Diagrams 
I t  is v e r y  impor t an t  t o  i n d i c a t e  r e g i o n a l  env i ronmen ta l  
impacts  P  caused  by p a r t i c u l a r  p o l l u t i o n  l o a d s  Z t a k i n g  i n t o  ac-  
coun t  t h e  r e g i o n a l  env i ronmen ta l  c a p a c i t y  [P = h ( Z ) ] .  I n  t h i s  
p a p e r ,  some pr imary  i n d i c a t o r s  a r e  i l l u s t r a t e d  a s  impact  i n d i c a -  
t o r  d iagrams t o  g i v e  a  rough image o f  t h e  env i ronmen ta l  s i t u a t i o n  
i n  each  sub reg ion .  
V a t e r  P o l l u t i o n  
A s  an  i n d i c a t o r  of env i ronmen ta l  c a p a c i t y ,  t h e  combina t ions  
of bo th  low and mean w a t e r  d i s c h a r g e s  of  r i v e r s  a r e  meaningful .  
S i n c e  it is imposs ib l e  t o  t a k e  i n t o  accoun t  many s m a l l  r i v e r s  
and channe l s  f l owing  i n  t h e  r e g i o n ,  o n l y  f i r s t  c l a s s  r i v e r s  a r e  
c o n s i d e r e d  h e r e ,  t o  g i v e  a  macroscopic  i d e a  of env i ronmen ta l  ca-  
p a c i t y  f o r  wa te r  p o l l u t i o n .  A s  r e g i o n a l  env i ronmen ta l  impact  
i n d i c a t o r s  o f  wa te r  p o l l u t i o n ,  two i n d i c a t o r s  P4 and 3 w i l l  be 
a c c e p t a b l e ,  i . e . ,  e m i t t e d  l o a d  of  p o l l u t a n t  d i v i d e d  by low and 
mean w a t e r  d i s c h a r g e s  of  r i v e r s  f l owing  w i t h i n  a  s u b r e g i o n ,  re -  
s p e c t i v e l y .  
A i r  P o l l u t i o n  and S o l i d  7 a s t e s  
A s  an  env i ronmen ta l  c a p a c i t y  measure f o r  b o t h  a i r  p o l l u t i o n  
and s o l i d  w a s t e s ,  t h e  l a n d  u s e ,  broken i n t o  t h r e e  c a t e g o r i e s  
( m e t r o p o l i t a n ,  r u r b l ,  and w i l d e r n e s s )  of  e a c h  s u b r e g i o n  w i l l  be 
roughly  a p p l i e d .  For a i r  p o l l u t i o n  it is of c o u r s e  n e c e s s a r y  t o  
t a k e  i n t o  accoun t  i n  t h e  env i ronmen ta l  c a p a c i t y  t h e  m e t e o r o l o g i c a l  
c o n d i t i o n s ,  b u t  t hey  w i l l  be o m i t t e d  i n  t h i s  macroscopic  r e g i o n a l  
env i ronmen ta l  impact  a n a l y s i s .  However, r e s u l t s  o b t a i n e d  w i t h  
t h e  model w i l l  i n d i c a t e  t h e  r e l a t i v e  p o l l u t i o n  l e v e l  o f  e a c h  sub- 
r e g i o n ,  and u s i n g  t h i s  r e s u l t ,  w e  can s e l e c t  some r e l a t i v e l y  more 
p o l l u t e d  s u b r e g i o n s  i n  which more d e t a i l e d  i n v e s t i g a t i o n s  shou ld  
be c a r r i e d  o u t .  
Le t  us omi t  t h e  i n f l u e n c e  of  ~ o l l u t a n t s  from su r round ing  
a r e a s ,  and a l s o  exc lude  from c o n s i d e r a t i o n  t h e  w i l d e r n e s s  a r e a  
(moun ta ins ,  woods, and f o r e s t s ) .  A s  t h e r e  e x i s t  g r e a t  d i f f e r e n -  
c e s  of  p o l l u t i o n  l e v e l  between urban  and r u r a l  d i s t r i c t s  i n  each  
s u b r e g i o n ,  w e  d i v i d e  t h e  i n h a b i t a b l e  a r e a  of each  s u b r e g i o n  (HA)  
i n t o  two a r e a s ,  t h a t  is :  m e t r o p o l i t a n  a r e a  (MA)  and r u r a l  a r e a  (a), such t h a t  HA = ,MA + RA. A s  it seems t o  be  d i f f i c u l t  t o  de- 
f i n e  MA and RA e x a c t l y ,  t h e  a r e a  of  d e n s e l y  i n h a b i t e d  d i s t r i c t  
( D I D )  * is  adopted  f o r  ,"LA, and w e  c o n s i d e r  (HA - D I D )  a s  RA. 
*The p r e c i s e  d e f i n i t i o n  of  D I D  is a s  f o l l o w s  [ 3 I : A d e n s e l y  
i n h a b i t e d  d i s t r i c t  ( D I D )  is a  group of c o n t i g u o u s  enumera t ion  d i s -  
t r i c t s  w i t h  h igh  p o p u l a t i o n  d e n s i t y  (4 ,000  i n h a b i t a n t s  o r  more 
p e r  icm2) d e l i n e a t e d  w i t h i n  t h e  boundary of a  c i t y ,  town, o r  v i l l a g e ,  
c o n s t i t u t i n g  an agg lomera t ion  of  5,000 i n h a b i t a n t s  o r  more, a s  
t h e  enumera t ion  d i s t r i c t s  were established. 
Accord ing ly ,  l e t  us  introduce t h e  f o l l o w i n g  t h r e e  r e g i o n a l  
env i ronmen ta l  impact  ~ n d l c a t o r s :  
I n d i c a t o r  I, - ( p o l l u t a n t s  e m i t t e d  i n  3 A )  /XA 
I n d i c a t o r  I2 - ( p o l l u t a n t s  emic t ea  i n  -YA)/NA 
I n d i c a t o r  . - ( p o i l u t a n t s  e m i t t e d  i n  RA) /RA 
Adopting t h e s e  i n d i c a t o r s ,  we can  compare t h e  e n v i r o n m e n t a l  
p o l l u t i o n  l e v e l s  of each  p o l l u t a n t  f o r  each  s u b r e g i o n  d i v i d e d  by 
urban  and r u r a l  a r e a s  a s  shown i n  F i g u r e  3 .  
3 .  CASE STUDY FOR THE K I N K 1  REGION 
T h i s  s e c t i o n  i s  devo ted  t o  check ing  t h e  f e a s i b i l i t y  of  t h e  
model d e s c r i b e d  i n  t h e  p r e v i o u s  s e c t i o n  f o r  r e g i o n a l  envi ronment -  
a l  lmpact  a n a l y s i s .  For t h i s  pu rpose ,  t h e  R ink i  r e g i o n  is Ken- 
t a t i v e l y  s e l e c t e d  a s  t h e  c a s e  s t u d y  r e g i o n .  I t  i s  l o c a t e d  i n  
t h e  middle  of  J a p a n ,  and c o n s i s t s  of seven  s u b r e g i o n s  ( F u k u i ,  
S h i g a ,  Kyoto, Osaka,  Hyogo, Nara, and Wakayama p r e f e c t u r e s )  a s  
shown i n  F i g u r e  4 .  
3 . 1 .  I n p u t  Data and  Pa rame te r s  of  t h e  :?ode1 
Tab le  I shows some n e c e s s a r y  i n p u t  d a t a  which e x p l a i n  s o c i o -  
economic a c t i v i t i e s  and land-use  p a t t e r n s  i n  aacn  s u b r e g i o n  of 
t h e  Kinki  r e g i o n  i n  1 9 7 0 .  
Concerning t h e  g e n e r a t i o n  and e m i s s i o n  c o e f f i c i e n t s  of po l -  
l u t a n t s ,  and c o n t r o l  c o e f f i c i e n t s ,  n a t i o n a l  a v e r a g e  v a l u e s  a r e  
n a i n l y  adopted  i n  t h l s  n o d e l  [ 2 ,  4 ,  5 ,  6 1 .  
2a'zr ?3lLutton Mode! 
The v a l u e s  of t h e  above-mentioned c o e f f i c i e n t s  used i n  WPM 
a r e :  
- 
"1 - "2 = d3  = l o ( % )  and = 4 0 ( X )  
The v a l u e  of  ? 3  i s  a l s o  assumed s o  a s  t o  r educe  t h e  BOD l o a d  
from each  i n d u s t r y  uni formly  under  1 2 0  ppm. 
If z h e r e  is  a  r i v e r  t h a t  f l o w s  down from t h e  s u r r o u n d i n g  
s u b r e g i o n s ,  t h e n  some p o r t i o n s  of  t h e  p o l l u t i o n  l o a d s  due  t o  t h e  
upper  r e a c h e s  o f  t h e  r i v e r  should  be t a k e n  i n t o  accoun t  a s   he 
p o l l u t i o n  l o a d  of  t h e  downstream s u b r e g i o n .  F i g u r e  5 i n d i c a t e s  
t h e  f l ow  f r a c t i o n s  of p o l l u t i o n  l o a d  among seven  s u b r e g i o n s .  A s  
t h e  d i s t a n c e s  of a l l  t h e  r i v e r s  f l owing  i n  t h e  K ink i  r e g i o n  a r e  
n o t  l o n g ,  t h e  s e l f - p u r i f i c a t i o n  phenomenon w i t h i n  t h e  r i v e r  is 
no t  t aken  i n t o  accoun t  i n  WPM. 

Krn s 
F i g u r e  4 .  H a p  of t h e  Kinki  r e g i o n .  
T a b l e  1 .  C o ~ ~ r p a r i s o n  o f  t h e  b a s i c  s t a t i s t i c s  by  s u b r e g i o n s  i n  t h e  K i n k i  r e g i o n  ( 1 9 7 0 ) .  
P u k u i  S h i g a  K y o t o  O s a k a  l lyogo N a r a  Wakayan~a  
P o p u l a t i o n  ( 1 0 3  p e r s o n s )  
DID P o p u l a t i o n  ( 1  o 3  p e r s o n s )  
V a l u e  o f  S h i p m e n t s  l ' o t a l  
i n  N a n u f a c t u r i n g  M a t e r i a l s  P r o c e s s i n g  
( 1  01° y e n s / y e a r )  A s s e ~ ~ ~ b l y  I n d u s t r i e s  
Heavy O i l  a n d  C o a l  Heavy O i l  ( l o 3  k l / y r )  
f o r  Gds a n d  E l e c .  
u t i l i t y  I n d u s t r i e s  C o a l  ( 1  o3 t o n s / y r )  
M o t o r  V e h i c l e s  Owned ( 1 0 3  c a r s )  
D i f f u s i o n  R a t e  o f  P u b l i c  S e w e r a g e  ( I )  
A r e a  o f  t h e  I n h a b i t a b l e  D i s t r i c t s  (km2)  
A r e a  o f  t h e  DID ( knt2 ) 
Low W a t e r  D i s c h a r g e  ( 1  o 3  t o n s / d a y )  
Mean W a t e r  D i s c h a r g e  ( l o 3  t o n s / d a y )  
S E T ~  INLAND SEA 
AND 
PACIFIC OCEAN 
F i g u r e  5 .  Flow g r a p h  i d i c a c i n q  t h e  s u b r e g i o n a l  f r a c t i o n  of BOD 
l c a d  . 
Air ? ~ L L u c i o n  Model 
Emission c o e f f i c i e n t s  from i n d u s t r i a l ,  and gas  and e l e c t r i c  
power g e n e r a t i o n  s e c t o r s  a r e  e s t i m a t e d  from d a t a  i n  [ 7 ,  8 ,  91.  
P o l l u t i o n  c o n t r o l  e f f e c t s  a r e  cons ide red  only  f o r  p a r t i c u l a t e s ,  
and t h e  fo l lowing va lues  a r e  assumed 
a j  = g o ( % )  f o r  i n d u s t r i a l  s e c t o r  
a 6  = 9 5 ( % )  f o r  gas  and e l e c t r i c  power g e n e r a t i o n  s e c t o r .  
The emission l o a d s  f o r  t h e  t r a n s p o r t a t i o n  s e c t o r  a r e  a l s o  
es t ima ted  t ak ing  i n t o  account  t h e  s t a t i s t i c a l  d a t a  of t h e  numbers 
of v e h i c l e s ,  t h e i r  f u e l  consumption i n  1970 [71 and t h e  emiss ion 
d a t a  g iven  i n  [81. No p o l l u t i o n  c o n t r o l  i s  cons ide red  f o r  t h i s  
s e c t o r .  A s  it was impossible  t o  g a t h e r  a l l  t h e  necessa ry  d a t a  
t o  c a l c u a l t e  emiss ions  of a l l  t h e  p o l l u t a n t s  d i v i d e d  by urban 
and r u r a l  a r e a s ,  it is assumed i n  t h i s  c a s e  s tudy  t h a t  p o l l u t i o n  
loads  i n  t h e s e  a r e a s  a r e  p r o p o r t i o n a l  t o  t h e  popu la t ion  r a t i o  be- 
tween t h e s e  two a r e a s .  For example, t h e  p o l l u t i o n  load i n  1H.A is  
equa l  t o  . ( t o t a l  p o l l u t i o n  load  w i t h i n  a  subreg ion)  x ( p o p u l a t i o n  
i n  M A ) / ( t o t a l  popu la t ion  w i t h i n  a  s u b r e g i o n ) .  
S o  Lid w a s t e s  #YodeZ 
The g e n e r a t i o n  c o e f f i c i e n t  of  p l a s t i c  waste f o r  t h e  r e s i -  
d e n t i a l  s e c t o r  is assumed t o  be 1 0  p e r c e n t  of t h e  t o t a l  domestic 
waste according t o  t h e  r e a l  d a t a  f o r  1970 19, 101, namely, a31 = 
92.1 (g /pe r son /day) .  Other c o e f f i c i e n t s  f o r  r e s i d e n t i a l  s e c t o r s  
i n  SWM a r e  assumed based on r e a l  d a t a  ga the red  by Osaka and Hyogo 
p r e f e c t u r e s  i n  1970 [ 9 ,  121, e . g . ,  t h e  i n c i n e r a t i o n  r a t i o  ,c3 = 
0.392. 
Concerning t h e  i n d u s t r i a l  s e c t o r  i n  SWM, g e n e r a t i o n  coef -  
f i c i e n t s  a32,  t h e  r e c y c l i n g  r a t i o  1c4 and t h e  i n c i n e r a t i o n  r a t i o  
< j d i f f e r  according t o  t h e  type  of i n d u s t r y ,  and d a t a  g iven i n  
[ l l ]  a r e  quoted.  The t o t a l  subreg iona l  p o l l u t i o n  load  i s  div ided  
i n t o  m e t r o p o l i t a n  and r u r a l  a r e a s  under t h e  same assumption a s  
f o r  a i r  p o l l u t i o n .  
3.2. Output of t h e  Model 
The loads  of a l l  t h e  p o l l u t a n t s  e s t i m a t e d  by t h i s  model a r e  
t a b u l a t e d  i n  Table 2. Using t h e  r e s u l t s  of Table  2 and t h e  d a t a  
of r e g i o n a l  environmental  c a p a c i t y  i n  Table  1 ,  t h e  environmental  
impact i n d i c a t o r s  a r e  c a l c u l a t e d  f o r  each subregion.  The 
correspondinq i n d i c a t o r  diagrams a r e  i l l u s t r a t e d  i n  F igures  6 
and 7 .  F igure  6 shows t h e  subreg iona l  comparison of water  pol-  
l u t i o n  l e v e l  of r i v e r s  by BOD value .  Subregional  comparisons 
wi th  r e s p e c t  t o  a i r  p o l l u t i o n  and p l a s t i c  waste a r e  i l l u s t r a t e d  
i n  F igure  7  us ing environmental  impact i n d i c a t o r s  PI-PJ .  A l l  
va lues  of t h e s e  i n d i c a t o r s  a r e  normalized wi th  r e s p e c t  t o  those  
of correspondinq of Kyoto p r e f e c t u r e .  

' igure 6 .  Xeglonal envrronmental Liipact diagrom af 3 0 D .  
F i g u r e  7 .  Regional  anv i ronmen ta l  impact  d i  
p o l l u t i o n  and s o l i d  was t e .  
.agrams o f  a i r  
3 . 3 .  R e s u l t s  and Discussion 
I n  t h i s  s u b s e c t i o n ,  l e t  us  d i s c u s s  t h e  r e s u l t s  of environ- 
mental  impact a n a l y s i s  c a r r i e d  o u t  f o r  t h e  Kinki r eg ion .  
Concerning t h e  r e s u l t  of water  p o l l u t i o n  shown i n  F igure  6 ,  
t h e r e  e x i s t  g r e a t  d i f f e r e n c e s  among p o l l u t i o n  l e v e l s  of t h e  v a r -  
ious  subregions .  Although t h e  water  p o l l u t i o n  load  expressed by 
t h e  BOD va lue  of Fukui p r e f e c t u r e  is  n o t  t h e  lowest  i n  Table 2 ,  
i t s  p o l l u t i o n  l e v e l  expressed by i n d i c a t o r s  ? q  and 25 is t n e  low- 
e s t  one ,  a s  shown i n  F igure  6 .  This  can be understood from t h e  
f a c t  t h a t  t h e  water r e source  i n  t h i s  p r e f e c t u r e  i s  very r i c h  a s  
shown i n  Table 1 .  On t h e  o t h e r  hand, Nara shows a  r e l a t i v e l y  h igh 
p o l l u t i o n  l e v e l  whi le  i ts  BOD load  is  t h e  lowest  i n  Table 2 .  This  
is due t o  t h e  lowest  water  r e source  i n  t h i s  p r e f e c t u r e .  
The d i f f e r e n c e  i n  t h e  seasona l  change of water  d i s c h a r g e  
p a t t e r n s  f o r  r i v e r s  between t h e  subreg ions  cause  t h e  d i f f e r e n c e  
of va lues  between i n d i c a t o r s  P q  and 2 5 .  I n  o t h e r  words, a s  t h e  
low-water d i s c h a r g e s  of r i v e r s  i n  Hyogo and Nara p r e f e c t u r e s  a r e  
r e l a t i v e l y  low compared w i t h  o t h e r  subreg ions ,  t h e i r  r e s p e c t i v e  
va lues  of i n d i c a t o r  P q  become high.  A s  a  r e s u l t ,  it t u r n s  o u t  
t h a t  t h e  comparisons of water  p o l l u t i o n  l e v e l  by i n d i c a t o r s  T q  
and P5 provide  meaningful  in fo rmat ion  being a  f i r s t  s t e p  towards 
water q u a l i t y  management. 
Next, l e t  us i n v e s t i g a t e  t h e  r e s u l t s  ob ta ined  g iven  i n  Fig- 
u r e  7 which i l l u s t r a t e s  t h e  r e g i o n a l  environmental  q u a l i t y  com- 
pa r i son  wi th  r e s p e c t  t o  a i r  p o l l u t i o n s  and p l a s t i c  wastes .  
General ly  speak ing ,  subreg iona l  d i f f e r e n c e s  of  t h e s e  pol lu-  
t a n t s  a r e  n o t  s o  g r e a t  a s  compared wi th  those  of water  p o l l u t i o n  
shown i n  F igure  6 .  The d i f f e r e n c e  i n  t h e  shape of t h e  i n d i c a t o r  
diagram is mainly due t o  t h e  d i f f e r e n c e s  i n  i n d u s t r i a l  s t r u c t u r e  
of t h e  subreg ions .  A s  an example, t h e  main i n d u s t r i e s  i n  Wakayama 
p r e f e c t u r e  a r e  of t h e  raw m a t e r i a l  p rocess ing  type  a s  shown i n  
Table 1 ,  and t o g e t h e r  w i t h  t h e  narrowness of t h e  D I D  a r e a ,  t h i s  
causes  some va lues  of i n d i c a t o r  P Q  t o  be very high.  Concerning 
t h e  i n d i c a t o r s  P 2  ( p o l l u t i o n  l e v e l  i n  me t ropo l i t an  a r e a )  and P3 
( p o l l u t i o n  l e v e l  i n  r u r a l  a r e a ) ,  it is p o s s i b l e  t o  d i v i d e  t h e  
seven subreg ions  i n t o  two groups;  i . e . ,  h igh ly  p o l l u t e d  a r e a s  
(Osaka, Hyogo, Wakayama) and low p o l l u t e d  a r e a s  (Kyoto, Nara, 
Sh iga ,  F u k u i ) .  A l l  i n d i c a t o r s  of Osaka p r e f e c t u r e ,  t h e  economic 
c e n t e r  of t h e  Kinki r e g i o n ,  show very  high v a l u e s ,  and t h e  d i f -  
f e rences  among v a l u e s  of ~ h r e e  i n d i c a t o r s  2 1 ,  2 2 ,  and 23 a r e  n o t  
s o  g r e a t .  This  impl ies  t h a t  almost  a l l  p a r t s  of t h i s  a r e a  a r e  
e q u a l l y  p o l l u t e d ,  and it r e f l e c t s  w e l l  t h e  f a c t  t h a t  most p a r t s  
of t h i s  subregion a r e  met ropo l i t an  a r e a s  and h igh ly  i n d u s t r i a l i z e d  
a r e a s .  Furthermore,  t h e  p a t t e r n  of Hyogo p r e f e c t u r e ,  f o r  example, 
r e f l e c t s  we l l  t h e  r e g i o n a l  d i f f e r e n c e  of p o l l u t i o n  l e v e l s  i n  LYA 
( i n d u s t r i a l  a r e a  of P a c i f i c  Ocean s i d e )  and RA ( a g r i c u l t u r a l  a r e a  
of Japanese Sea s i d e )  . 
I t  is  p o s s i b l e  t o  conclude t h a t  t h e  r e s u l t s  illustrated by 
these  r e g i o n a l  environmental  impact diagrams r e f l e c t  w e l l  t h e  
image of t h e  r e a l  environmental  q u a l i t y  of each of t h e  subregions 
i n  t h e  Kinki r eg ion .  
3 .  CONCLUSION 
A reg iona l  environmental impact model inc lud ing  a i r  and water 
p o l l u t i o n s  and s o l l d  wastes has  been cons t ruc ted  f o r  i n v e s t i g a t i n g  
t h e  r e l a t i o n s h i p s  among product ion,  consumption, and p o l l u t i o n  
through a  p o s i t i v e  case  s tudy f o r  t h e  Kinkl reglon.  The nodel i s  
e s s e n t i a l l y  of t h e  p o l l u t a n t  emission r e g i s t e r  type whose i n p u t s  
a r e  va r ious  soc io~conomic  i n d i c a t o r s  such a s  populat ion,  i n d u s t r r a i  
product ion,  energy consumption, e t c .  The environmental  q u a l i t y  
comparisons among t h e  subregions  divided by urban and r u r a l  a r e a s  
have been expressed a s  environmental  impact i n d i c a t o r s ,  and t h e  
obta ined r e s u l t s  r e f l e c t  we l l  the  impact of t h e  r e a l  environmental  
q u a l i t y  of each subregion.  The model ob ta ined  w i l l  give  us impor- 
t a n t  primary informat ion t o  a s s e s s  f u t u r e  environmental  impacts i n  
t h e  process  of an i n t e g r a t e d  r e g i o n a l  development d e c i s i o n  making. 
APPENDIX 
Japanese Standard I n d u s t r i a l  C l a s s i f i c a t i o n  
J S I C  Code I n d u s t r i a l  Category 
18 and 1 9  
2 0 
2 1 
2 2 
2 3 
2 4 
2 5 
2 6 
2 7 
2 8 
2 9 
3 0 
3 1 
3 2 
3 3 
3 4 
3 5 
3 6 
3 7 
3 8 
Food and s i m i l a r  products  
T e x t i l e  m i l l  products  
Clothing and r e l a t e d  products  
Lumber and wood products  
F u r n i t u r e  and f i x t u r e s  
Pulp, paper ,  and r e l a t e d  products  
P r i n t i n g  and pub l i sh ing  
Chemicals and a l l i e d  products  
Petroleum and c o a l  p roduc t s  
Rubber products  
Leather and l e a t h e r  goods 
Stone,  c l a y ,  and g l a s s  
I ron and s t e e l  
Nonferrous metals  
Fabr ica ted  metal  products  
Xachlnery, except electrical 
E l e c t r i c a l  nachinery 
Transpor ta t ion  equipment 
Ins t ruments  and r e l a t e d  products  
Niscel laneous  manufactures 
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1 . INTRODUCTION 
R e c e n t l y ,  t h e  b a s i c  q u e s t i o n  t h a t  i s  b e i n g  asked  r e p e a t e d l y  
a l l  ove r  J apan  i s  "how can  we improve t h e  q u a l i t y  of  human l i f e ? "  
I n  t h e  c o u r s e  of economic growth ,  p u b l i c  d e s i r e s  and a d m i n i s t r a -  
t i v e  p o l i c i e s  have tended  t o  g i v e  most a t t e n t i o n  t o  r a i s i n g  peo- 
2 l e ' s  income l e v e l  and i n c r e a s i n g  t h e  i n d u s t r i a l  p r o d u c t i o n  ca- 
p a c i t y .  C e r t a i n l y  Japan  has  a t t a i n e d  h e r  a ims  e x c e l l e n t l y  i n  
t h e s e  a s p e c t s ;  wh i l e  s h e  i s  now f a c i n g  v a r i o u s  k i n d s  of more 
s e r i o u s  problems such a s :  d e s t r u c t i o n  of  n a t u r e ,  c o n t a m i n a t i o n  
of  env i ronmen t ,  uneven c o n c e n t r a t i o n  of  p o p u l a t i o n ,  c o n t i n u a t i o n  
of i n f l a t i o n ,  e t c .  For  t h a t  r e a s o n ,  Japan peop le  a r e  s t a r t i n g  
t o  pay c o n s i d e r a b l e  a t t e n t i o n  t o  t h e  q u a l i t y  o f  l i f e  i n  a s p e c t s  
such  a s  p h y s i c a l  envi ronment ,  h e a l t h ,  s o c i a l  s e c u r i t y ,  community 
l i f e ,  e d u c a t i o n ,  c u l t u r e ,  l e i s u r e ,  and s o  f o r t h ,  a s  w e l l  a s  t h e  
economic a s p e c t .  
I n  o r d e r  t o  meet t h e s e  n e e d s ,  a  s t u d y  on t h e  measure of N N W  
!Net N a t i o n a l  Wel fa re )  was conducted  [ 1 ] by t h e  NNW Xeasurement  
Committee, Economrc Counc i l  of J apan ,  a s  t h e  comprehens ive  pe r -  
formance index  o f  l i f e  q u a l i t y  i n  p l a c e  of G N P ;  and t h e  Uni ted  
Nat ions  [ 2 ] ,  J a p a n e s e  n a t i o n a l  government [ 3 ]  (The 4 e s e a r c h  Com- 
m i t t e e ,  The Counci l  o f  N a t i o n a l  L i v i n g ) ,  and s e v e r a l  J apanese  
l o c a l  governments  [ 4 ,  5 ,  6 1  nave worked a c t i v e l y  towards  system- 
a t i z i n g  t h e  s o - c a l l e d  s o c i a l  i n d i c a t o r s  viewed from t h e  l i f e  
q u a l i t y  v rewpo in t .  Some work is  s t i l l  go ing  on i n  v a r i o u s  govern-  
a e n t a l  o r g a n i z a t i o n s .  
This  r e p o r t  i s  concerned wi th  c u l t u r a l  i n d i c a t o r s  i n  an 
a r e a .  I t  i s  somewhat d i f f i c u l t  t o  e v a l u a t e  o b j e c t i v e l y  t h e  s t a -  
t u s  of t h e  c u l t u r a l  environment. The Council  of Nat ional  Living 
of Japan has suggested,  i n  i t s  system of s o c i a l  i n d i c a t o r s ,  mea- 
s u r i n g  t h e  number of p r e f e c t u r e s  and m u n i c i p a l i t i e s  where o rd in -  
ances  f o r  p r o t e c t i o n  of c u l t u r a l  a s s e t s  have been enacted and t h e  
number of c u l t u r a l  a s s e t s  des igna ted  by t h e  n a t i o n a i  o r  l o c a l  
governments. C u l t u r a l  a s s e t s  found t o  be v a l u a b l e  from h i s t o r i c ,  
a r t i s t i c ,  and/or s c i e n t i f i c  v iewpoints  by t h e  governments a r e ,  
a s a  m a t t e r  of c o u r s e ,  t o  be counted i n  t h e  i n d i c a t o r  rneasure- 
rnent. Bowever, n o t  only  a r e  t h e s e  k inds  of eminent c u l t u r a l  
a s s e t s  t h e  c u l t u r a l  h e r i t a g e ,  i n h e r i t e d  from t h e  p rev ious  gener-  
a t i o n  and having l a i d  t h e  foundat ion f o r  t h e  l i f e  of contemporary 
Japanese  people ,  but  s o  is the  c u l t u r a l  h e r i t a g e  a s  f e l t  more 
i n t i m a t e l y  i n  everyday l i v i n g ,  inc lud ing  t r a d i t i o n a l  customs and 
manners. 
From t h i s  p o i n t  of view, i n  t h i s  r e p o r t  we s h a l l  d e f i n e  
" l o c a l "  c u l t u r a l  a s s e t s  from our  own p o i n t  of  view and t r y  t o  
i n v e s t i g a t e  t h e  p o s s i b i l i t y  of clarifying t h e  s t r u c t u r e  of in-  
h a b i t a n t s '  e v a l u a t i o n  of t h e s e  a s s e t s .  Th i s  work is  done by us- 
ing t h e  r e s u l t s  of p o l l i n g  conducted i n  some l o c a l  c i t i e s  t h a t  
have t r a d i t i o n a l  atmospheres and a  r e l a t i v e l y  l a r g e  number of 
l o c a l  c u l t u r a l  a s s e t s  [ 7 ] .  
I t  is noted t h a t  our  work has  n o t  y e t  been completed i n  any 
s e n s e ,  hence t h e  p r e s e n t  r e p o r t  i s  an i n t e r i m  one. 
2 .  LOCAL CULTURAL ASSETS 
In  Japan t h e  term " c u l t u r a l  a s s e t "  is  used commonly f o r  in-  
d i c a t i n g  any p a r t i c u l a r l y  important  c u l t u r a l  h e r i t a g e  t h a t  is 
des igna ted  by t h e  n a t i o n a l  government t o  be of h i s t o r i c a l ,  s c i -  
e n t i f i c ,  and/or a r t i s t i c  va lue .  I n  comparison wi th  t h e s e ,  we 
would l i k e  he re  t o  g i v e  t h e  name of " l o c a l "  c u l t u r a l  a s s e t  t o  
those  t h a t  have t h e i r  r o o t s  i n  o u r  " l o c a l "  s o c i e t y .  Most of 
t h e s e  l o c a l  c u l t u r a l  a s s e t s  may be of l i t t l e  s c i e n t i f i c  o r  a r -  
t i s t i c  value .  However, t h e  l o c a l  c u l t u r a l  a s s e t s  may have much 
more i n f l u e n c e  on Japanese s p i r i t u a l  l i f e  than  t h o s e  n a t i o n a l l y  
des igna ted  important  c u l t u r a l  a s s e t s .  For i n s t a n c e ,  a  smal l  
s tone  s t a t u e  of J i z o ,  t h e  Japanese  c h i l d r e n ' s  guard ian ,  s t a n d i n g  
by a  r o a d s i d e  has been p r e s e n t  from g e n e r a t i o n  t o  g e n e r a t i o n  and 
i s  c l o s e l y  r e l a t e d  wi th  t h e  d a i l y  l i f e  of l o c a l  i n h a b i t a n t s ,  r e -  
g a r d l e s s  of i t s  a r t i s t i c  value .  The Zizo i n  such a  case  i s  
c e r t a i n l y  one of  t h e  " l o c a l "  c u l t u r a l  a s s e t s .  
A s  opposed t o  des igna ted  c u l t u r a l  a s s e t s ,  t h e  l o c a l  ones  
a r e  of a  very  wide range,  bu t  have been recognized and apprec i -  
a t e d  by many l o c a l  i n h a b i t a n t s .  The important  des igna ted  a s s e t s  
a r e  of c o u r s e  l o c a l  ones where they  have l o c a l  f e a t u r e s .  
The r e c o n s t r u c t i o n  of t h e  n a t i o n  and t h e  succeeding high 
economic growth a f t e r  World War 11 have changed our  mode of l i f e  
and l o c a l  s o c i e t i e s  g e n e r a l l y  by "wes te rn iz ing"  them. A s  a  r e s u l t  
of t h e  i n d u s t r i a l  g rowth ,  t h e  s t a n d a r d  of  l i v i n g  h a s  been con- 
s i d e r a b l y  r a i s e d .  These w e s t e r n i z a t i o n s  o r  m o d e r n i z a t i o n s  of 
J apan ,  however, have o f t e n  t ended  t o  r e g a r d  t r a d i t i o n a l  c u l t u r a l  
a s s e t s  a s  encumbrances and even  t o  r e l e c t  them. Moreover ,  3 
g r e a t  p a r t  o f  t r a d i t i o n a l  manners and customs has  ~ a s s e d  o u t  of  
t h e  J a p a n e s e  mind and has  been d i s c a r d e d .  Tke r e j e c t i o n  of  Era- 
d i t i o n  i n  L i f e  w i l l  b r i n g  a b o u t  a  d e t e r i o r a t i o n  o f  s ? i r i c u a l  
l i f e  i t s e l f .  i n  f a c t ,  o u r  l i v i n g  envi ronment  has  been  becominq 
worse a s  a  whole i n  t h e  l a s t  d e c a d e ,  i n  p a r t ~ c u l a r  i n  many urban- 
i z e d  a r e a s .  P a r t i c u l a r l y ,  t h e  desolation of  " c u l t u r a l "  env i ron -  
ment i s  n o t a b l e .  
Big c l t i e s  l i k e  Tokyo have had d i f f i c u l t i e s  i n  p r e s e r v i n g  
tradition w h l l e ,  s u p p o r t i n g  m o d e r n i z a t i o n  i n  v a r i o u s  d e g r e e s ,  
some l o c a l  c i t i e s  st111 p r e s e r v e  many t r a d i t i o n a l  manners and 
customs.  Thus t h e  problem of t r a d e - o f f  i s  brough t  up between 
t h e  mode rn i za t ion  and t h e  p r e s e r v a t i o n  of t r a d i t i o n .  I n  c i t i e s  
o r  towns t h e r e  have been ,  and w i l l  b e ,  s e v e r a l  p l a n s  t h a t  exam- 
i n e  how t o  p r e s e r v e  l o c a l  t r a d i t i o n a l  a s s e t s  and t o  make t h e  
b e s t  u se  of them i n  t h e  c o u r s e  of  development .  
3. A POLL ON INHABITANTS' EVALUATION OF L O W  CULTURAL ASSETS 
Nowadays, most c i t i e s  have v a r i o u s  d i f f i c u l t i e s  and a  num- 
b e r  of p e o p l e  f e e l  t h a t  t h e l r  c i t i e s  a r e  becoming u n f i t  t o  l i v e  
i n .  However, t h e  c o n c r e t e  c o n t e n t s  of  t h e i r  f e e l i n g s  a r e  some- 
what vague.  I t  is  t h e n  n e c e s s a r y  t o  b r l n g  l i g h t  on how t h e  i n -  
h a b i t a n t s  f e e l  a b o u t  t h e i r  own c ~ t y  o r  community. 
W e  would l i k e  t o  i n v e s t i g a t e  how t h e  i n h a b i t a n t s  e v a l u a t e  
t h e i r  t r a d i t i o n a l  mode of  l i f e  and how t h e i r  e v a l u a t i o n s  a r e  
r e l a t e d  t o  t h e i r  l i v i n g  envi ronment .  The i n v e s t i g a t i o n s  a r e  
focused  e s p e c i a l l y  on how t h e  l o c a l  c u l t u r a l  a s s e t s  ? l a y  t h e i r  
r o l e s  i n  c o n s t i t u t i n g  r e g l o n a l  a t t r a c t i v e n e s s  which i s  r e f l e c t e d  
by i n h a b i t a n t s '  f e e l l n g  of  satisfaction. 
With t h i s  aim, w e  have asked  some i n h a b i t a n t s  t o  r e spond  t o  
t h e  q u e s t i o n n a i r e  shown i n  Appendix A. The q u e s t i o n n a i r e  i s  
composed of t h r e e  p a r t s .  The f i r s t  p a r t  conce rns  t h e  a t t r i b u t e s  
of t h e  i n h a b i t a n t  h l m s e l f ,  h i s  r e s i d e n c e ,  and h i s  f a m i l y .  The 
second,  t h e  p r i n c i p a l  p a r t  o f  t h e  q u e s t i o n n a i r e ,  is on t h e  e v a l -  
u a t l o n  of t h e  l i v i n g  envi ronment .  T h i s  ? a r t  i n c l u d e s  t h i r t y  
r tems conce rn ing  t h e  p h y s l c a l  envi ronment  main ly  from t h e  view- 
? o i n t  of l o c a l  c u l t u r a l  a s s e t s ,  t r a d i t i o n a l  manners and cus toms,  
and human r e l a t i o n s  i n  t h e  community. The t h i r d  p a r t  conce rns  
t h e  k ind  of  c i t y  i n  which t h e  i n h a b i t a n t  would l i k e  t o  l i v e  and 
t h e  r e a s o n .  The f i r s t  and t h e  t h i r d  p a r t s  a r e  o m i t t e d  i n  t h e  
appendix .  
The p o l l i n g s  have been conducted  rn  t h r e e  c i t i e s :  Takehara  
C i t y ,  a t  t h e  S e t o  I n l a n d  Sea i n  Hiroshima p r e f e c t u r e ,  Otsu C i t y ,  
t h e  c a p i t a l  o f  Sh iga  p r e f e c t u r e ,  and Kanazawa C i t y ,  t h e  c a p i t a l  
of I sh ikawa p r e f e c t u r e .  These c i t l e s  a r e  q u i t e  h i s t o r i c  and 
p r e s e r v e  w e l l  many " l o c a l "  c u l t u r a l  a s s e t s .  One f a m i l y  h a s  been 
chosen  randomly o u t  of a b o u t  25 t o  35 families, i . e . ,  1 6 6 ,  1 4 0 5 ,  
and 1486 f a m i l i e s  i n  Takehara, Otsu,  and Kanazawa C i t i e s ,  re- 
s p e c t i v e l y .  One member of each family  has f i l l e d  i n  t h e  ques- 
t i o n n a i r e .  We have succeeded i n  o b t a i n i n g  159, 1036, and 1233 
responses ,  r e s p e c t i v e l y ,  from t h e s e  sampled f a m i l i e s .  
4 .  SOME TRIALS AT STRUCTURE ANALYSIS OF IYHABITANTS' EVALUATION 
Based on t h e  d a t a  c o l l e c t e d  through t h e  p o l l  p resen ted  i n  
t h e  l a s t  s e c t i o n ,  we s h a l l  t r y  t o  i n v e s t i g a t e  some s t r u c t u r e s  of 
i n h a b i t a n t s '  e v a l u a t i o n  of l o c a l  c u l t u r a l  a s s e t s .  Var ious  k inds  
of e f f e c t i v e  techniques  may be a v a i l a b l e  f o r  t h i s .  The s i m p l e s t  
one is t h e  use  of frequency his tograms.  F igures  1 and 2 a r e  t h e  
frequency his tograms on each i tem of t h e  i n q u i r i e s  I I A  and I IB ,  
r e s p e c t i v e l y ,  i n  t h e  q u e s t i o n n a i r e .  From t h e s e  d a t a  we can f i n d  
t h e  i t ems  f e l t  " s a t i s f a c t o r y "  and t h e  i tems f e l t  "necessa ry"  by 
many of t h e  i n h a b i t a n t s  i n  those  c i t i e s .  Tab les  1 and 2 summar- 
i z e  t h e s e  i tems.  
The frequency his tograms g i v e  us  some in fo rmat ion  on inhab i -  
t a n t s '  e v a l u a t i o n  of each i n d i v i d u a l  i t em,  but  no informat ion on 
the  e v a l u a t i o n  p a t t e r n s  e x i s t i n g  among t h e  i tems.  A s  a  means f o r  
r e v e a l i n g  an inter-item e v a l u a t i o n  s t r u c t u r e ,  we s h a l l  r e p r e s e n t  
t h e  i tems a s  p o i n t s  i n  a  c e r t a i n  space and observe  t h e  geometr ic  
r e l a t i o n s  among t h e s e  p o i n t s .  For t h i s  purpose ,  we t r y  t o  use  
t h e  mul t id imensional  s c a l i n g  (MDS) technique.  The MDS techn ique  
needs s i m i l a r i t y  o r  d i s s i m i l a r i t y  d a t a .  We c a l c u l a t e  t h e  rank 
c o r r e l a t i o n  c o e f f i c i e n t  rij between t h e  i t ems  I and j' and adopt 
the  q u a n t i t i e s  s i j  = 1 - r;-. a s  t h e  d i s s i m i l a r i t y  d a t a  f o r  t h e  
LWS. Appendices B and C o;'&line t h e  rank c o r r e l a t i o n  c o e f f i c i e n t  
and t h e  IXDS t echn ique ,  r e s p e c t i v e l y .  
4.1. Evalua t ion  S t r u c t u r e s  f o r  S a t i s f a c t i o n  and Necess i ty  
We s h a l l  s e e  what e v a l u a t i o n  s t r u c t u r e  e x i s t s  among t h e  
i t e m s  1 through t o  22. The inhabitants have eva lua ted  t h e i r  
l e v e l s  of both  s a t i s f a c t i o n  ( t h e  i n q u i r y  I I A )  and the n e c e s s i t y  
( I I B )  f o r  each item i n  t h e  q u e s t i o n r a i r e  Const ructed by t h e  
MDS technique of nonmetric type ,  F igures  3a and 3b show t h e  con- 
f i g u r a t i o n s  of 22 items on two-dimensional spaces ;  Figure  3a is 
from t h e  s a t i s f a c t i o n  d a t a  and F i g u r e  3b from t h e  n e c e s s i t y  d a t a .  
The s t r e s s  i s  a  measure of t h e  goodness -o f - f i t  of t h e  conf igura -  
t i o n  t o  g iven  d i s s i m i l a r i t y  d a t a .  The s t r e s s e s  a r e  0.042 f o r  
3a and 0.029 f o r  3b, which a r e  smal l  enough. These conf igura -  
t i o n s  a r e  ob ta ined  from a l l  t h e  d a t a  of t h e  t h r e e  c i t i e s .  
Although t h e  d i s t a n c e  between t h e  p o i n t s  of i tems does n o t  
have a b s o l u t e  meaning, we can g i v e  some i n t e r p r e t a t i o n s  of t h e  
i n t e r - i t e m  r e l a t i o n s .  For example, t h e  p o l n t  3  ( temple  p r e c i n c t s )  
is c l o s e  t o  4 ( c h i l d r e n ' s  guard ian)  on Figure  3a,  but  not  on 
F igure  3b. This  may r e s u l t  from t h e  d i f f e r e n c e  between p e o p l e ' s  
e v a l u a t i o n s  of t h e  s a t i s f a c t i o n  and t h e n e c e s s i t y  of t h e s e  two 
items. That i s ,  those  who a r e  s a t i s f i e d  wi th  e x i s t i n g  temple 
p r e c i n c t s  a r e  u s u a l l y  i n c l i n e d t o  be s a t i s f i e d  wi th  t h e  c h i l d -  
r e n ' s  guard ian ,  and v i c e  v e r s a ;  while  t h i s  i s  n o t  observed f o r  
t h e  n e c e s s i t y .  S i m i l a r  i n t e r p r e t a t i o n s  a r e  p o s s i b l e  of t h e  o t h e r  
p o i n t s  of i tems.  
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Figure 1 .  Frequency histograms of the items 1 to 30, inqulry 
IIA. 
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Figure 2. Frequency histograms of the items 1 to 22, inquiry 
IIB. 
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F i g u r e  2 c o n t i n u e d .  
21. crooked road 22. e f f i c i e n c y  of car c r a i f i c  I 
F i g u r e  2 continued. 
Table 1 .  Items that are felt satisfactory by the majority of 
people questioned. 
2 5 .  Accessibility to public f aciiities 
16. City event 
30. Overall attractiveness 
2 3 .  Sunshine and ventilation 
1 1 .  View of mountains or the sea 
17. Community activity 
15. Traditional festival in local community 
26. Environmental pollution 
2 .  Religious institution 
3 .  Precincts of temple or shrine 
Table 2 .  Items that are felt necessary by the majority of 
people questioned. 
- - - - -  - - - - - - 
Efflclency of zar traffic 
View of mountains or the sea 
City event 
Community activity 
Traditional festival in local comuni$y 
2recincts of temple or shrine 
arook, channel, or canal 
hnual celebrations at home 
Religious institution 
- 
( a )  from t h e  d a t a  on s a t i s f a c t i o n  ( i n q u i r y  IIA) 
( b )  from t h e  d a t a  on n e c e s s i t y  ( i n q u i r y  I I B )  
Figure  3.  Conf igura t ions  of t h e  items 1 t o  2 2 ,  ob ta ined  by t h e  
.IDS of nonmetric type  ( f o r  o v e r a l l  samples)  . 
Another f e a t u r e  of t h e  c o n f i g u r a t i o n s  i s  t h a t  t h e  p o i n t s  
form s e v e r a l  groups on t h e  p lane .  Three Large groups a r e  recog- 
n ized.  The f i r s t  group on Figure  3a i s  t h a t  composed of t h e  
p o l n t s  2 t o  7 ,  1 0 ,  13, 20, and 2 1 .  These i tems concern some 
t y p i c a l  Japanese  t r a d i t i o n s .  The second i s  t h e  group of p o i n t s  
1 4  through 1 9  which concerneven t s  i n  l o c a l  Japanese community. 
The l a s t  one i s  composed of t h e  p o l n t s  1 ,  8 ,  and 9 ,  r e p r e s e n t l a 5  
t h e  n o n t r a d i t i o n a l  i tems,  which a r e  u s u a l l y  d i s l i k e d  by t h e  in-  
h a b i t a n t s  from t h e  t r a d i t i o n a l  o r  h i s t o r i c a l  p o i n t  of view. The 
p o i n t  22, a  l i t t l e  a p a r t  from t h e  o t h e r  p o i n t s ,  r e p r e s e n t s  t h e  
i t e m  on t h e  e f f i c i e n c y  of t r a f f i c ,  which has a  d i f f e r e n t  charac- 
t e r  t o  t h e  o t h e r  items. 
I t  may be n a t u r a l  and,  a t  t h e  same t i r e ,  is very  i n t e r e s t -  
ing  t h a t  t h e s e  groups on t h e  f i g u r e  match very  w e l l  our  i n t u i -  
t i v e  i n s i g h t  i a t o  p h y s i c a l  a t t r i b u t e s  of t h e  l tems.  Although 
"gure 3b shows q u i t e  similar groupings ,  p o i n t s  1 4  and 15 a r e  
conf igura ted  d i f f e r e n t l y .  This  d i f f e r e n c e  nay be i n t e r p r e t e d  
such t h a t  t h e  c e l e b r a t i o n s  a t  home ( p o i n t  1 4 )  and t h e  l o c a l  f e s -  
t i v a l  [ p o i n t  15) a r e  viewed a s  a  p a r t  of  t h e  community e v e n t s  
i n  t h e f e e l i n g  of s a t i s f a c t i o n  whi le  they  a r e  viewed a s  p a r t  of 
t h e  t r a d i t i o n a l  h e r i t a g e  i n  the  f e e l i n g  of n e c e s s i t y .  We might 
be a b l e  t o  make a  g r e a t  v a r i e t y  of i n t e r p r e t a t i o n s  of F igure  3 
i n  a d d i t i o n  t o  those  mentioned above,  o r  we could  l e t  t h e  f i g u r e  
speak f o r  i t s e l f .  
4 . 2 .  Drfference  of Evaluat ion S t r u c t u r e s  m o n g  P a r t s  of C i t i e s  
I n  o r d e r  t o  s e e  some d i f f e r e n c e s  i n  t h e  e v a l u a t i o n  s t r u c -  
t u r e s  among c i t i e s  o r  s e v e r a l  p a r t s  of t h e  c i t i e s ,  : h e  Cndivia- 
:, A - , , e r e n c e  -. -- P c o n c e p t  i n  t h e  MDS has been in t roduced i n  our  
a n a l y s i s .  Three c i t i e s  have been d iv ided  i n t o  seven p a r t s :  
Takehara C i t y  ( A )  , t h e  nor the rn  (B) , t h e  c e n t r a l  ( C )  , and t h e  
sou the rn  (D) p a r t s  of Otsu C i t y ,  and t h e  nor the rn  ( E l ,  t h e  cen- 
t r a l  ( F )  , and t h e  sou the rn  ( G )  p a r t s  of Kanazawa C i t y .  Each 
p a r t  i s  taken a s  an i n d i v i a u a i  i n  t h e  IWS of i n d i v i d u a l  d i f f e r -  
ence a n a l y s i s .  The d i s s i m i l a r i t i e s  among t h e  i tems 2 4  through 
30 a r e  c a l c u l a t e d  f o r  every  p a r t .  These i t e m s ,  having a  r a t h e r  
comprehensive c h a r a c t e r ,  have been s t u d i e d  only  f o r  t h e  l e v e l  
of s a t i s f a c t i o n  ( t h e  i n q u i r y  I I X )  . Figures  4a and 4b a r e  t h e  
c o n f i g u r a t i o n s  ob ta ined .  Figure  Q a  is t h e  c o n f i g u r a t i o n  of t h e  
seven i tems on a  two-dimensional space ,  c a l l e d  t h e  common ob- 
j e c t  space .  I t  r e p r e s e n t s  t h e  i n t e r - i t e m  f e a t u r e  averaged over  
a l l  p a r t s  of t h e  c i t i e s .  F igure  4b shows t h e  c o n f i g u r a t i o n  of 
seven p a r t s  on a  two-dimensional space wi th  on ly  t h e  f i r s t  quad- 
r a n t ,  c a l l e d  t h e  s u b j e c t  space.  I t  r e p r e s e n t s  t h e  weights a s -  
s o c i a t e d  wi th  two axes of Figure  4a, t h a t  each ? a r t  i s  t o  have. 
Cornblning Figure  s a  wi th  Figure  4b y i e l d s  t h e  c o n f i g u r a t i o n  on 
t h e  o b j e c t  space of each p a r t .  For example, p a r t  C has i t s  own 
ob jec t - space  c o n f i g u r a t i o n  where, f o r  each ? o i n t ,  t h e  c o o r d i n a t e  
va lues  of a x i s  I a r e  about  0.4 t imes t h a t  on t h e  common c o n f i g u r  
a t i o n  of F igure  4a; p a r t  F  has i t s  c o n f i g u r a t i o n  where both co- 
o r d i n a t e  va lues  a r e  about  0 . 7  t i m e s  those  on F igure  4a. 
Figure 4. Configurations of the items 24 to 30, inquiry IIA, 
obtained by the MDS for individual difference analysis. 
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I 
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A 
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( a )  common object space with the configuration of seven items 
I 
( access ib i ly  t o  
public f a c i l i t i e s )  25 
( sa fe ty  aga ins t  
d i s a s t c r s )  
2 4 
(ove ra l l  
a tcracr iveness)  
30 
28 
( t r a d i t i o n a l  he r i t age )  
2'3 (environrnenral 
( h i s t o r i c  c l imate)  po l lu t ion )  
26 
(human r e l a t i o n )  27 
. 
I 
(b) subject space with the configuration of .seven parts of the 
cities 
The p o i n t s  on F i g u r e  3a a r e  l o c a t e d  a round t h e  p o l n t  30 
( t h e  o v e r a l l  a t t r a c t i v e n e s s )  a t  a l m o s t  e q u a l  d i s t a n c e .  I t  nay 
be s e e n  from t h i s  f a c t  t h a t  p e o p l e  a r e  concerned  a b o u t  human r e -  
l a t i o n s ,  t r a d i t i o n a l  h e r i t a g e ,  and  h i s t o r i c  s u r r o u n d i n g s  a s  much 
a s  s a f e t y  a g a i n s t  d i s a s t e r s ,  a c c e s s i b i l i t y  t o  p u b l i c  f a c i l i t i e s ,  
and env i ronmen ta l  p o l l u t i o n .  
F i g u r e  4b shows t h a t  A ,  E ,  and G of  t h e  c i t i e s  a t t a c h  much 
more impor tance  t o  axis I t h a n  t o  axis I1 a n d ,  c o n v e r s e l y ,  9, C ,  
and D a t t a c h  more impor tance  t o  I1 t h a n  t o  I .  Thi s  i l l u s t r a t e s  
t h e  d i f f e r e n c e  i n  c h a r a c t e r  of  t h e  c i t i e s .  Takehara  ( A )  and 
Kanazawa ( E ,  F ,  and G )  a r e  r a t h e r  i s o l a t e d  from b i g  i n d u s t r i a l -  
i z e d  c i t i e s  and keep a  t r a d i t i o n a l  l o c a l i t y  r e l a t i v e l y  w e l l ;  
w h i l e  O t su ,  e s p e c i a l l y  i ts  c e n t r a l  ( C )  and s o u t h e r n  ( D )  p a r t s ,  
is a f f e c t e d  s e v e r e l y  by t h e  n e i g h b o r i n g  b i g  c i t i e s  of  Kyoto, 
Osaka, and Kobe i n  v a r i o u s  s e n s e s .  Cornblning F i g u r e  4b w i t h  Fig-  
u r e  Ua, t h e  p o i n t  27  (human r e l a t i o n s )  g e t s  c l o s e s t  t o  t h e  p o i n t  
30 i n  A ,  E ,  and G .  I t  may be . i n t e r p r e t e d  t h a t  i n  Takehara  ( A )  , 
t h e  t r a d i t i o n a l  smal l  c i t y ,  and t h e  n o r t h e r n  p a r t  (E) of Kanazawa, 
w i t h  many o l d  d w e l l i n g s ,  t h e r e  a r e  good l o c a l  h m a n  r e l a t i o n s .  
On t h e  o t h e r  hand,  t h e  peop le  i n  t h e  s o u t h e r n  p a r t  ( G )  of Kanazawa, 
w i t h  many new houses ,  might  l a c k  more i n t i m a t e  human r e l a t i o n s .  
I n  9, C ,  and D (Otsu  C i t y )  p o i n t  25 ( a c c e s s i b i l i t y  t o  p u b l i c  f a -  
c i l i t i e s )  is f a r t h e s t  f rom 30. The p u b l i c  f a c i l i t i e s  a r e  a l r e a d y  
f e l t  s u f f i c i e n t  and t h e y  may be o f  l i t t l e  conce rn  i n  Otsu C i t y .  
4 .3 .  E v a l u a t i o n  S t r u c t u r e  f o r  T r a d i t i o n a l  H e r i t a g e  and  k i i s t o r i c  
Su r round ings  
Next ,  w e  s h a l l  t r y  t o  app ly  a n o t h e r  method of p o l l i n g  d a t a  
a n a l y s i s ,  c a l l e d  t h e  method of q u a n t i f i c a t i o n ,  t o  e x t r a c t  t h e  
e v a l u a t i o n  s t r u c t u r e  f o r  t h e  t r a d i t i o n a l  h e r i t a g e  and t h e  h i s t o r i c  
s u r r o u n d i n g s .  The ne thod  of q u a n t i f i c a t i o n  developed  by C .  Hayashi 
[ 8 ]  compr i se s  s e v e r a l  varieties o f  c l a s s e s .  Almost a l l  c l a s s e s  
alm a t  d i r e c t  d a t a  a n a l y s i s  of such  r a n k s  a s  appea r  i n  o u r  p r e s -  
e n t  p o l l i n g  (Appendix A ) .  The c l a s s  used  h e r e  i s  t h a t  mod i f i ed  
by o u r s e l v e s ,  which o r i g i n a t e s  from " t h e  f i r s t  c l a s s "  by Hayashi  
based  on t h e  concep t  of r e g r e s s i o n .  A more d e t a i l e d  o u t l i n e  of  
t h e  method is s k e t c h e d  i n  Appendix D. 
Two r e s u l t s  of  t h e  a n a l y s i s  f o r  t h e  t h r e e  c i t i e s  a r e  summar- 
x e d  i n  T a b l e s  3  and 4 .  The t a b l e s  show t h e  v a l u e s  of  p a r t i a l  
c o r r e l a t i o n  c o e f f i c i e n t s .  The p a r t i a l  c o r r e l a t i o n  c o e f f i c i e n t  
r e p r e s e n t s ,  r ough ly  s p e a k i n g ,  t h e  s t r e n g t h  of d i r e c t  r e l a t i o n  of  
each  p r e d i c t o r  v a r i a b l e  t o  t h e  criterion v a r i a b l e ,  w i t h  i n d i r e c t  
r e l a t i o n s  t h rough  o t h e r  predictor v a r i a b l e s  removed. I n  T a b l e  
3 ,  :he c r i t e r r o n  v a r i a b l e  I n  t h e  ne thod  i s  t h e  i t e m  29  ( h i s t o r i c  
s u r r o u n d i n g s )  and t h e  p e a i n o r  v a r i a b l e s  a r e  t h e  i t e m s  2 LO 7 ,  
1 0  t o  1 3 ,  and 21; w h i l e  i n  Tab le  4 t h e  c r i t e r i o n  v a r i a b l e  i s  28 
( t r a d i t i o n a l  h e r i t a g e )  and t h e  p r e d i c t o r  v a r i a b l e s  a r e  2 t o  7 ,  
10 ,  12 t o  15 ,  and 17  t o  21. These i t ems  a r e  chosen  i n t e n t i o n a l l y  
t o  r e v e a l  which minor i t ems  of  l o c a l  c u l t u r a l  a s s e t s  a r e  t h o u g h t  
t o  compose t h e  h i s t o r i c  a s p e c t  o r  t r a d i t i o n a l  h e r i t a g e  i n  each  
c i t y .  
Table 3 .  P a r t i a l  c o r r e l a t i o n  c o e f f i c i e n t s  ob ta ined  by t h e  modi- 
f i e d  f i r s t - c l a s s  q u a n t i f i c a t i o n  method ( w i t h  i t em 29 
a s  t h e  c r i t e r i o n  v a r i a b l e ) .  
Takehara Otsu Kanazawa 
Item Value Order Value Order Value Order 
2 .  Rel ig ious  
i n s t i t u t i o n  0 . 1 6 0  4  0 . 1 2 9  2  0 . 0 3 1  9  
3 .  Temple p r e c i n c t s  0 . 0 2 7  8 0 . 0 4 2  8  0 . 0 3 2  8  
4 .  C h i l d r e n ' s  guardian 0 . 0  1 0  0 . 0 2 7  11 0 . 0  11 
5 .  Stone monument 0 . 0  1 0  0 . 0 3 5  9  0 . 0 3 9  7  
6 . H i s t o r i c b u i l d i n g  0 . 1 7 1  3  0 . 0 5 3  6  0 . 0 6 0  6  
7 .  Old-fashioned 
r e s  idence 0 . 0 1 5  9  0 . 0 9 5  5  0 . 0 7 6  3  
1 0 .  Stone pavement 0 . 0 4 9  7  0 . 0 3 5  1 0  0 . 0 3 0  1 0  
11 .  Mountain view 0 . 0 9 3  5  0 . 1 1 4  4  0 . 1 6 0  1 
1 2 .  Brook 0 . 2 1 1  1  0 . 0 5 1  7  0 . 0 6 2  5  
1 3 .  Pagoda view 0 . 1 9 6  2  0 . 1 2 2  3  0 . 0 7 0  4  
2  1  . Crooked road 0 . 0 8 8  6  0 . 1 6 5  1  0 . 1 2 2  2  
Table 4 .  P a r t i a l  c o r r e l a t i o n  c o e f f i c i e n t s  ob ta ined  by t h e  modi- 
f i e d  f i r s t - c l a s s  q u a n t i f i c a t i o n  method (wi th  i t em 2 8  
a s  t h e  c r i t e r i o n  v a r i a b l e ) .  
Takehara Otsu Kanaz awa 
I tem Value Order Value Order Value Order 
2 .  Rel ig ious  
i n s t i t u t i o n  0 . 2 3 5  3  0 . 1 9 4  1 0 . 0  1 5  
3 .  Temple p r e c i n c t s  0 . 0  1 3  0 . 0 3 0  1 0  0 . 0 7 8  4  
4 .  C h i l d r e n ' s  guardian 0 . 2 1 6  4  0 . 0  1 2  0 . 0  1 5  
5 .  Stone monument 0 . 0 7 1  9  0 . 0  1 2  0 . 0 0 6  1 4  
6 .  H i s t o r i c  b u i l d i n g  0 . 0  1 3  0 . 0 6 5  7  0 . 0 4 6  9  
7 .  Old-fashioned 
r e s i d e n c e  0 . 0 4 7  1 0  0 . 1 7 3  3  0 . 0 4 2  1 0  
1 0 .  Stone pavement 0 . 2 0 7  6  0 . 0  1 2  0 . 0 3 3  11 
1 2 .  Brook 0 . 2 7 5  2  0 . 0 2 3  11  0 . 0 7 9  3  
1 3 .  Pagoda view 0 . 0 2 6  1 1  0 . 0 6 3  8 0 . 0 2 2  1 3  
I & .  C e l e b r a t i o n s  a t  
home 0 . 3 3 1  1  0 . 0 6 6  6  0 . 0 7 7  5  
1 5 .  C i t y  even t  0 . 0  1 3  0 . 0 5 6  9  0 . 0 7 2  6  
1 7 .  Community a c t i v i t y  0 . 2  1 4  5 0 . 1 6 0  4  0 . 0 3 1  1 2  
1 8 .  Decorat ion f o r  
f e s t i v a l  0 . 1 6 7  7  0 . 0  1 2  0 . 0 4 9  8  
1 9 .  Morning f a i r  0 . 0  1 3  0 . 1 8 2  2  0 . 0 5 9  7  
2 0 .  Old s t r e e t  name 0 . 0 0 8  1 2  0 . 0 7 3  5  0 . 1 1 9  2  
2  1  . Crooked road 0 . 0 9 2  8 2 . 0  1 2  0 . 1 4 1  1  
Tab le  3 t e l l s  u s  t h a t  che  p r i n c i p a l  e l e m e n t s  of  t h e  h i s t o r i c ,  
t r a d i t i o n a l  s c e n a r y  a r e  t h e  b rook ,  t h e  pagoda v iew,  t h e  h i s t o r i c  
b u i l d i n g ,  and t h e  religious institution i n  Takehara C i t y ,  f o r  ex- 
ample. Something s i m i l a r  t o  t h i s  can  be obse rved  i n  o t h e r  c i t i e s .  
The i m p o r t a n t  e l emen t  common K O  t h e  t h r e e  c i t i e s  nay be t h e  ~ a g o d a  
v iew,  a s  w e  cou ld  imagine.  On t h e  o t h e r  nand,  t h e  o h i l d r e n ' s  
g u a r d i a n ,  t h e  s t o n e  pavement, and t h e  s t o n e  monument might  noc be 
very  i m p o r t a n t .  
From T a b l e  4 ,  t h e  e l emen t s  of  t r a d i t i o n a l  h e r i t a g e  i n f l u e n c -  
i ng  t h e  i n h a b i t a n t s '  own o r  community l i f e  a r e  gues sed  t o  be t h e  
c e l e b r a t i o n s  a t  home, t h e  brook,  and t h e  r e l i g i o u s  i n s t i t u t i o n  
i n  Takehara ;  t o  be t h e  r e l i g i o u s  i n s t i t u t i o n ,  t h e  morning o r  t h e  
even ing  f a i r ,  and t h e  o l d - f a s h i o n e d  r e s i d e n c e  i n  O t su ;  and t o  be 
t h e  c rooked  r o a d ,  t h e  o l d  s t r e e t  name, and t h e  brook i n  Kanazawa. 
The second c h a p t e r  of  t h e  p r e c e d i n g  r e p o r t  [ 7 ] ,  which has  
been p r e s e n t e d  t o  t h e  commission of N a t i o n a l  Land Agency and con- 
t r i b u t e d  by H.  Y o s h ~ d a ,  one  of  t h e  p r e s e n t  a u t h o r s ,  g i v e s  s e v e r a l  
o t h e r  r e s u l t s  of  t h e  a n a l y s i s  of t h e s e  p o l l i n g  d a t a ,  which a r e  
n o t  n e c e s s a r i l y  comple t e  o r  r i g o r o u s .  The p e o p l e ' s  f e e l i n g s  of  
s a t i s f a c t i o n  abou t  t h o s e  a p p r e c i a b l y  e l a b o r a t e  i t e m s  a r e  c e r t a i n l y  
a f f e c t e d  by t h e  s t a t u s  of e x i s t i n g  p r o p e r t i e s  i n  t h e l r  ne ighbor -  
hood. However, s i n c e  t h e  d a t a  on t h e s e  p r o p e r t i e s  have  n o t  been 
comple ted  y e t ,  t h e  d i s c u s s i o n  is ad jou rned .  
5 .  CONCLUDIXG REMARKS 
T h i s  is t h e  f i r s t  s t e p  t o  knowing how c i t i z e n s  e v a l u a t e  t h e  
t r a d i t i o n a l  c u l t u r e  and h i s t o r i c  h e r i t a g e  i n  t h e i r  l i f e .  Our 
i n v e s t i g a t i o n  h a s  been conducted  u s i n g  p o l l i n g  r e s u l t s  i n  t h r e e  
l o c a l  c i t i e s .  The c i t i e s  under  s t u d y  have t r i e d  t o  p r e s e r v e  
t h e i r  traditional o r  h i s t o r i c  a tmosphere .  I t  may be i n t e r e s t i n g  
o r  even n e c e s s a r y  t o  conduc t  s i m i l a r  p o l l i n g s  i n  some b i g g e r  and 
more modern c i t i e s  l i k e  Tokyo, Osaka,  and Kyoto, f o r  t h e  s a k e  of  
comparison from t h e  t r a d i t i o n a l  o r  h i s t o r l c  p o i n t  of  view. 
I f  w e  wish t o  d i s c u s s  one  o f  t h e  most i m p o r t a n t  Froblems of 
how t h e  governmenta l  budget  i s  t o w e i g h t p r e s e r v a t i o n  a g a i n s t  de- 
ve lopment ,  we have t o  have a  more s u i t a b l e  p o l l i n g  f o r  it. Xore- 
o v e r ,  t h e  q u e s t i o n n a i r e  has  t o o  many i t e m s  r e sembl ing  each  o t h e r  
and l a c k s  i t e m s  on w e a l t h ,  h e a l t h ,  e f f i c i e n c y ,  s a f e t y ,  e t c .  i n  
f a c t , a s k i n g  q u e s t i o n s  t h a t  a r e  s i m i l a r  i s  c o n f u s i n g  t o  peop le  
and does  n o t  a lways  y i e l d  n e a n i n g f u l  c o n c l u s i o n s .  W e  b e l i e v e  
zhac t h e  p r e s e n t  r e p o r t ,  a long  w i t h  t n e  9 r e v i o u s  one [ 7 j ,  can  be 
3 good g u i d e  f o r  c o n s t r u c t i n g  better questionnaires I n  zhe  f u t u r e .  
R e g a r d l e s s  of t h e  drawbacbs o f  t h e  p r e s e n t  p o l l i n g ,  we nave 
been a b l e  t o  o b s e r v e  t h a t ,  f o r  t h e  c i t i e s  unde r  s t u d y ,  t h e  p e o p l e  
a r e  undoubtedly  concerned  a b o u t  t h e  t r a d i t i o n a l  customs and c u l -  
t u r e ,  h l s t o r i c  t h i n g s ,  and human r e l a t i o n s  a s  w e l l  a s  t o d a y ' s  
problems such  a s  t h e  p o l l u t i o n ,  e f f i c i e n c y ,  and s a f e t y .  The peo- 
g l e  f e e l  t h a t  temple  p r e c i n c t s ,  v a r i o u s  k i n d s  of  f e s t i v a l s  and 
e v e n t s ,  and t h e  a b i l i t y  t o  s e e  n a t u r e  a r e  n e c e s s a r y ,  a t  l e a s t  i n  
t h o s e  c i t l e s  i n  whlch they  a r e  numerous. C u r r e n t l y  some p o l l i n g s  
a r e  under way i n  s e v e r a l  o t h e r  c i t i e s ,  Hakodate i n  Hokkaido, 
Yonezawa i n  Tohoku, Waki i n  Shikoku, K i t s u k i  i n  Kyushu, e t c .  
S e v e r a l  i n s t r u c t i v e  r e s u l t s  a r e  expected t o  come o u t  s h o r t l y ,  
and they w i l l  be r e p o r t e d  t o g e t h e r  w i t h  more d e f i n i t e  methods 
and conc lus ions  of s t r u c t u r e  a n a l y s i s .  
APPENDIX A: CUESTIONNAIRE ON ATTRACTIVENESS OF L I V I N G  
ENVIRONMENT 
This  q u e s t i o n n a i r e  is  t o  examine your l i v i n g  environment 
w i t h  t h e  aim of g e t t i n g  b a s i c  i d e a s  t h a t  w i l l  h e l p  p o l i c y  making 
t o  make your town a t t r a c t i v e .  W e  a r e  hoping t h a t  you w i l l  f i l l  
i n  t h i s  q u e s t i o n n a i r e  f r a n k l y .  You a r e  one of t h e  people  l i v i n g  
i n  Kanazawa, Otsu,  o r  Takehara C i t i e s ,  whom w e  have randomly 
chosen. 
W e  w i l l  n o t  u t i l i z e  your answe? f o r  any purpose o t h e r  than 
our  s c i e n t i f i c  r e sea rch .  
Inqu i ry  I .  W e  would l i k e  t o  ask  you about  your own home and 
y o u r s e l f .  (The d e t a i l s  a r e  omrnitted h e r e . )  
Inqu i ry  11. We would l i k e  t o  a sk  you about  t h e  a t t r a c t i v e n e s s  
of your l i v i n g  environment 
I I A .  For t h e  q u e s t i o n s  items 1 t o  30 l i s t e d  below, p l e a s e  
answer whether they a r e  s a t i s f a c t o r y  ( o r  good) o r  
n o t .  Your answer f o r  each i t e m  should  be i n  one of 
t h e  f i v e  ranks  given below. 
+2 : I t  makes your l i v i n g  environment very  a t t r a c t i v e ,  
o r  you a r e  s a t i s f i e d  w i t h  it very much. 
+ I  : I t  makes your l i v i n g  environment a t t r a c t i v e ,  o r  you 
a r e  s a t i s f i e d  wi th  it. 
0 : I t  is not  r e l a t e d  t o  your l i v i n g  environment,  o r  
you a r e  i n d i f f e r e n t  t o  it. 
-1 : I t  makes your l i v i n g  environment l e s s  a t t r a c t i v e ,  
o r  you a r e  u n s a t i s f i e d  wi th  it. 
- 2 :  I t  makes your l i v i n g  environment very  u n a t t r a c t i v e ,  
o r  you a r e  u n s a t i s f i e d  wi th  it very much. 
I I B .  For t h e  q u e s t i o n  items 1 t o  2 2  below, p l e a s e  answer 
whether they  a r e  f e l t  necessa ry  o r  no t  i n  o r d e r  t o  
i n c r e a s e  t h e  a t t r a c t i v e n e s s  of your l i v i n g  environ- 
ment. Your answer f o r  each i tem should  be ranked 
a s  
a : necessary .  
b : immater ia l .  
c : unnecessary.  
I tems of Q u e s t i o n  
There  i s  a  f a c t o r y  of  domes t i c  i n d u s t r y .  
There i s  a  r e l i g i o u s  institution l i k e  a  t emple ,  a  
s h r i n e ,  o r  a  church .  
There a r e  p r e c i n c t s  of  a  t emple  o r  a  s h r i n e ,  o r  a  
g rove  of a  t u t e l a r y  s h r i n e .  
There is  a  s t a t u e  of  J i z o  ( a  c h i l d r e n ' s  g u a r d i n e )  o r  
a  t r a v e l l e r s '  g u a r d i a n  by a  r o a d s i d e .  
There i s  a  s a c r e d  o r  aged t r e e ,  a  s t o n e  monument, o r  
a  t o r i i  ( a  s h r i n e  g a t e )  by a  r o a d s i d e .  
There  i s  a  h i s t o r i c  b u i l d i n g  l i k e  a n  aged house of a  
prominent  pe r son .  
There  is an  o ld - f a sh ioned  r e s i d e n c e  on a  s t r e e t .  
There  i s  a  row of modern houses .  
There  a r e  b i l l b o a r d s  o r n e o n  s i g n s  i n  a  row of houses .  
There  a r e  s t o n e  s t e p s ,  a  s t o n e  w a l l ,  o r  a  s t o n e  pave- 
ment. 
You c a m  see some mounta ins  o r  t h e  s e a  from your  home 
o r  neighborhood.  
There  i s  a  b rook ,  a  c h a n n e l ,  o r  a  c a n a l .  
You can  s e e  a  temple  or. a  pagoda from your  home. 
Your f a m i l y  obse rve  some annua l  c e l e b r a t i o n s  l i k e  
Sekkus ( a n n u a l  f e s t i v i t i e s  i n  c e r t a i n  s e a s o n s )  o r  s 
Tanabata  ( t h e  F e s t i v a l s  of  S t a r  Vega i n  J u l y ) .  
Your community c e l e b r a t e s  a  t r a d i t i o n a l  l o c a l  f e s t i -  
v a l .  
Your c i t y  promotes an e v e n t  w l t h  p a r t i c i p a t i o n  of  
nany c i t i z e n s ,  such  a s  an  a t h l e t i c  o r  c u l t u r a l  f e s t i -  
v a l .  
Your n e i g h b o r s  a r e  working a c t i v e l y  f o r  a  community 
a c t i v i t y ,  e . q . ,  f o r  a  town a s s o c i a t i o n  a c t i v i t y .  
You d e c o r a t e  your  house w l t h  a  t r a d i t i o n a l  d r a p e r y  
o r  w i t h  a  choch in  ( a  J a p a n e s e  pape r  l a t e r n )  a t  f e s t i -  
v a l  t i m e s .  
There  is o c c a s i o n a l l y  an e a r l y  morning f a x  o r  a n  
even ing  f a i r .  
There  1s a  s t r e e t  w i t h  a  h i s t o r i c  name. 
There  i s  a  c rooked  road  kep t  from o l d  t i m e s .  
You can  e a s i l y  go a l o n g  a  s t r e e t  by c a r  o r  move your  
c a r  i n  and  o u t  of a  p a r k i n g  l o t .  
About a  c o n d i t i o n  of s u n s h i n e  and v e n t l l a t l o n .  
About s a f e t y  a g a i n s t  d i s a s t e r s  l l k e  a  f i r e ,  a n  e a r t h -  
quake ,  a  f l o o d ,  a typhoon,  e t c .  
About accessibility t o  s c h o o l ,  h o s p i t a l ,  s h o p s ,  e t c .  
About env i ronmen ta l  d e t e r i o r a t i o n  due  t o  an  a i r  po l -  
l u t i o n ,  n o i s e ,  v i b r a t i o n ,  e t c .  
About human r e l a t i o n s  w i t h i n  your  community. 
.About t h e  i n f l u e n c e  o f  t r a d i t i o n a l  h e r i t a g e  on your 
p e r s o n a l  o r  you r  community l l f e .  
About h i s t o r i c ,  t r a d i t i o n a l  s c e n e r y .  
I n  summary, abou t  t h e  o v e r a l l  a t t r a c t i v e n e s s  of  your 
l i v i n g  envi ronment .  
MPENDIX B:  RANK CORRELATION COEFFICISNTS 
The most popular ly  used c o r r e l a t i o n  c o e f f i c i e n t  is  t h e  
product-moment one which i s  def ined  between q u a n t i t a t i v e  v a r i a b l e s .  
But a  d i f f e r e n t  concept o r  d e f i n i t i o n  of c o r r e l a t i o n  is  necesary  
f o r  d e a l i n g  w i t h  v a r i a b l e s  i n  an o r d i n a l  s c a l e  such a s  t h e  re-  
sponses t o  t h e  q u e s t i o n n a i r e  I1 of Appendix A .  
Suppose t h a t  t h e r e  a r e  n samples S l ,  5'2, ..., S n ,  and they  
respond t o  some items of a  q u e s t i o n  i n  ranked c a t e g o r i e s .  Based 
upon t h e i r  responses ,  w e  wish t o  d e f i n e  c o r r e l a t i o n  c o e f f i c i e n t s  
among t h e  i t ems ,  i n  a  c e r t a i n  sense  of rank o r d e r .  Le t  t h e  i tem 
1 1  have rnl categories, ell c ~ ~ , . . . , ~ ~ ~ ~  , which a r e  ranked i n  
t h i s  o r d e r .  Each sample chooses only one of  t h e s e  c a t e g o r i e s ,  
t h a t  i s ,  t h e  sample S i  chooses c  1, j ;  , j i  being one of 1 t o  m 1 . 
S i m i l a r l y ,  t h e  i t e m  I 2  has ,712 c a t e g o r i e s ,  c21,  c 2 2 , . . . ,  c2m2,  
and t h e  same S i  chooses c 2 j i .  
For t h e  two samples s ' ~  and S L  (k , 2 = 1 , 2 ,  . . . , n )  , we d e f i n e  
3k and Tk 2 a s  fo l lows:  
i f  i. ,< < j, and j f  < j i  o r  if j k  > j L  and ii > ji 
'" = 1 0 ,  otherwrse  
10 ,  o the rwise  ( B 1 )  
One of t h e  f o l l o w i ~ g  t h r e e  p o s s i b i l i t i e s  must happen f o r  a  p a i r  - 
:  s k i  = 1 and 6 k l  = 0,  o r  j k ~  = 0 and 6 k l  = 1 ,  o r  6 k z  = j k i  = 
0.  Roughly speaking,  d k ;  = 1 when t h e  o r d e r s  of responses  f o r  
1 1  and I 2  a r e  i n  a  l i k e  d i r e c t i o n  between Sk and S Z  and T k L  = 1 
when they a r e  i n  the  o p p o s i t e  d i r e c t i o n s .  
The sums of Ski and Z k L  a r e  ob ta ined  over  a l l  combinations 
of t h e  samples,  n C 2  = n ( n  - 1 ) / 2  combinations,  a s  
There a r e  s e v e r a l  types  of rank c o r r e l a t i o n  c o e f f i c i e n t s  c h a t  
can be expressed by us lng these  q u a n t i t i e s .  Here we j u s t  g l v e  
t h a t  of Goodman and Kruskal [9] used i n  S e c t i o n  4 .  Thei r  rank 
c o r r e l a t i o n  c o e f f i c i e n t  between i tems I1 and I2 is  def ined  by 
APPENDIX C: >IULTIDIMENSIONAL SCALING TECHNIGUES 
Powerful t echn iques  under t h e  term "mul t id imensional  s c a l -  
ing  (MDS)" have r e c e n t l y  been used f o r  t h e  a n a l y s i s  of d a t a  of 
v a r i o u s  types  c o l l e c t e d  i n  t h e  s o c i a l  and b e h a v i o r a l  s c i e n c e s .  
The purpose o f t h e t e c h n i q u e s  i s  t o  f i n d  wnatever s t r u c t u r e  may 
l i e  hidden i n  m p i r i c a l  d a t a  and t o  express  t h l s  s t r u c t u r e  i n  
t h e  form of a  geomet r i ca l  model o r  p i c t u r e  much more a c c e s s i b l e  
t o  che human eye.  The o b j e c t s  under s tudy  a r e  r e p r e s e n t e d  by 
p o i n t s  i n  a  s p a t i a l  model l n  such a  way t h a t  t h e  s i g n i f i c a n t  f ea -  
t u r e s  of t h e  d a t a  about  che o b j e c t s  a r e  r evea led  i n  t h e  geometr i -  
c a l  r e l a t i o n s  among t h e  p o i n t s .  
A r e l a t e d  technique i s  one t h a t  has  long been used i n  t h e  
s o c i a l  s c i e n c e s  under t h e  name of f a c t o r  a n a l y s i s .  Fac to r  analy-  
s i s ,  supposing a  l l n e a r  model, is f o r  a  c o r r e l a t i o n  ma t r ix  whose 
e lements  a r e  product-moment c o r r e l a t i o n s  between t h e  o b j e c t s ;  
whl le  t h e  > D S  1s f o r  a  d a t a  ma t r ix  whose e l e m e n t s r e p r e s e n t  s i m i -  
l a r i t y  o r  d i s s i m i l a r i t y  between t h e  o b j e c t s .  
MDS i s  l o o s e l y  s e p a r a t e d  i n t o  two t y p e s ,  one based on a  
l i n e a r  model and one on a  n o n l i n e a r  model. The former i n v o l v e s  
a s i m i l a r  procedure  t o  t h e  f a c t o r  a n a l y s i s  and i s  reduced t o  an 
e igenva lue  problem f o r  a  c e r t a l n  ma t r ix  made from t h e  o r i g i n a l  
d a t a  ma t r ix .  
Th i s  appendix o u t l i n e s  t h e  t echn iuqe  of MDS f o r  a  n o n l i n e a r  
model. There a r e  a  v a r i e t y  of 2rocedures  f o r  t h i s  k ind  of s c a l -  
i n g .  Every 2rocedure  r e q u i r e s  one t o  d e f i n e  a  c r i t e r i o n  t h a t  
indicates t h e  t o t a l  deviation of t h e  g iven d a t a  from a s e t  of 
p o i n t s  i n  t h e  c o n f i g u r a t i o n  t o  be o b t a i n e d ;  and then i n t e n d s  t o  
minimize i t .  
Let  t h e r e  be n o b j e c t s ,  j!, J ; , . . . , ; 7 y ,  and l e t  t h e  d i s s i m i -  
l a r i t y ,  a i j ,  be measured quantitatively between t h e  o b j e c t s  5j 
and b j .  Suppose t h a t  t h e  d a t a  ma t r ix  5 whose (i,:) element ,  SI.., 
i s  symmetric. The technique developed by Cooper [ l o ]  i n t roduce3  
new v a r i a b l e s  
wi th  an unknown c o n s t a n t  L .  This  i d e a  of the lbove  e q u a t i o n  i s  
t o  t r ans fo rm d a t a  measured on an i n t e r v a l  s c a l e  i n t o  q u a n t i t i e s  
on a  r a t i o  s c a l e .  Then, t h e  c o n f i g u r a t i o n  I = ( z ~ , ~ ~ , . . . , = ~ ) ,  
wi th  t h e  c o o r d i n a t e  v e c t o r  z-; of t h e  g o i n t  j j ,  is determined i n  
t h e  space  of a  c e r t a i n  dimension,  such t h a t  t h e  r e s u l t i n g  i n c e r -  
? o i n t  d i s t a n c e s  2 ; ;  minlrnize the  criterion 
a .,
Various k i n a s  of d e f i n i t i o n s  f o r  t h e  d i s t a n c e  a r e  p o s s i b l e ;  i f  
t he  Euc l id ian  one i s  of i n t e r e s t ,  we can w r i t e  d. . ;  a s  
' d  
using t h e  t r anspose  ' .  The minimizat ion problem of t h e  unknowns 
z ,  and i s u b j e c t  t o  J can be solved numerical ly  wi th  t h e  a i d  o f ,  
say ,  t h e  usua l  s t eepes t -de -en t  method o r  t h e  g r a d i e n t  method, t o  
e s t a b l i s h  t h e  d e s i r e d  configuration. This  technique of ,NDS i s  of 
m e t r i c  t y p e ,  because q u a n t i t a t i v e l y  measured d i s s i m i l a r i t y  d a t a  
a r e  d e a l t  with.  
Another important  technique a a o c i a t e d  wi th  a  n o n l i n e a r  model 
is  a  nonmetric type  of s c a l i n g .  Th i s  in tends  t o  g i v e  us a  con- 
f i g u r a t i o n  wi thout  t a k i n g  account of any more than  t h e  merely 
o r d i n a l  r e l a t i o n s  among t h e  d a t a  mat r ix  e lements .  Then, it ex- 
t r a c t s  q u a n t i t a t i v e ,  m e t r i c  in fo rmat ion  from q u a l i t a t i v e ,  non- 
m e t r i c  da ta .  Th i s  t a k e s  t h e  s t and  t h a t  t h e  d a t a  s o  o f t e n  come 
from human s u b j e c t s  who can r e a d i l y  and r e l i a b l y  g i v e  only  o r d i n a l  
measurements. There a r e  a  l o t  of  a lgor i thms  f o r  t h e  nonmetric 
MDS a l s o .  The b a s i c  i d e a  of t h e  nonmetric MDS is  t o  o b t a i n  t h e  
c o n f i g u r a t i o n  X of t h e  o b j e c t s  such t h a t  t h e  d i s t a n c e s  d!j i n  t h e  
c o n f i g u r a t i o n  have a  c e r t a i n  monotonic r e l a t i o n  t o  t h e  dissimilar- 
t i y  3 i  j  measured i n  o r d i n a l  s c a l e ,  o r  i f  a i  j  is  f o l l o u d  by a 2  2 i n  
t h e  o r d e r  of d i s s i m i l a r i t y ,  then d i - j  < d k ~  and,  i f  s i j  and ski 
a r e  of t h e  same o r d e r ,  then  d i j  = b k ~ .  Although X can always be 
determined i n  an ( n  - 1 )  -dimensional  space  t o  s a t i s f y  t h i s  con- 
d i t i o n  f o r  a l l  si;, we p r a c t i c a l l y  l i k e  X i n  a  p o s s i b l y  lower- 
d imensional  space ,  even wi thou t  complete s a t i s f a c t i o n  of t h e  con- 
d i t i o n .  In  o r d e r  t o  measure how w e l l  t h e  c o n f i g u r a t i o n  matches 
t h e  g iven d a t a ,  Kruskal [ l l ,  121 d e f i n e d  t h e  q u a n t i t y  c a l l e d  
s t r e s s  
., 
where zi; a r e  a  sequence of predetermined v a l u e s  monotonical ly  
r e l a t e d  t o  s t , ; .  Guttman's rank image p r i n c i p l e  [ I ? ]  i s  w e l l  known 
t o  be a  n o t a b l e  and powerful method t o  s e a r c h  f o r  9 j j .  Although 
t h e r e  a r e  a  l o t  of computation a lgor i thms  f o r  t h e  nonmetric IDS, 
most of them a r e  b a s i c a l l y  a long t h e  same l i n e s .  Many books [ 1 4 ,  
1 5 ,  1 6 1  and a r t i c l e s  a r e  a v a i l a b l e  on them. Bence, we omit  t h e  
d e t a i l s  here .  
A s  opposed t o  t h e  tec,hnique based o n a l i n e a r  model, inc lud ing  
t h e  f a c t o r  a n a l y s i s ,  t h e  one based on a  nonlinear model i s . a p p l i c -  
a b l e  t o  t h e  3roblem wi th  incomplete d a t a ,  o r  d a t a  c o n t a i n i n g  a 
missing value .  I t  i s  a l s o  e m p i r i c a l l y  s a i d  t h a t  t h e  n o n l i n e a r  
s o d e l  g i v e s  us a  c l e a r e r  i n t e r p r e t a t i o n  of t h e  d a t a  s t r u c t u r e  than 
t h e  l i n e a r  one. However, t h e  technique f o r  t h e  non l inea r  model 
is a p t  t o  cause  some t r o u b l e  i n  a  l o c a l  optimum s o l u t i o n  due t o  
rnult imodali ty of  t h e  c r i t e r i o n  o r  t r o u b l e  of computation t ime be- 
coming l a r g e .  
Another impress ive  c l a s s  of t h e  MDS techniques  i s  d i r e c t e d  
toward t h e  a n a l y s i s  of i n d i v i d u a l  d i f f e r e n c e s  l y i n g  hidden i n  
e m p i r i c a l  d a t a .  For t h i s  c l a s s  we imagine t h a t  t h e  d a t a  mat- 
(9) r i x ,  5 = [s..? I ( g =  1,2,. . . ,,V) has been o b t a i n e d  f o r  e a c h  of 
3 i n d i v i d u a l s  o r  groups  and t h a t  t h e  d i f f e r e n c e s  among them a r e  
d e s i r e d  t o  be r e v e a l e d  i n  some s e n s e .  The NDS f o r  i n d i v i d u a l  
d i f f e r e n c e  a n a l y s i s  i s  t o  suppose one space  w i t h  a  c o n f i g u r a t i o n  
X = (XI ,x2,. . . ,xn) common t o  a l l  t h e  i n d i v i d u a l s ,  c a l l e d  zhe  com- 
mon o b j e c t  space  and v a r i o u s  we igh t s  h e l d  by e a c h ,  a s s o c i a t e d  
w i t h  i t s  c o n f i g u r a t i o n .  
Le t  t h e  i n d i v i d u a l  j's weight  m a t r i x  be denoted  by t h e  .n x m 
d i a g o n a l  m e ,  7 = d i a q  (ulg) , u i g )  , . . . ,u,T (g) ) , where w .p 3 (g) i s  t h e  
weight  o f  p o s i t i v e  v a l u e  a s s o c i a t e d  w i t h  t h e  r t h  c o o r d i n a t e  o f  
t h e X s p a c e  and rn is  t h e  dimension o f  t h e  s p a c e .  Thus,  t h e  s i m -  
p l e s t  way t o  o b t a i n  t h e  c o n f i g u r a t i o n  w i t h  c o n s i d e r a t i o n  o f  in-  
d i v i d u a l  d i f f e r e n c e s  i s  t o  maximize a  c r i t e r i o n  s i m i l a r  t o  equa- 
t i o n  (C2) 
T h i s  is  due t o  Horan and Sloxon [17]. There  a r e  many v a r i e t i e s  
o f  t h e  MDS t e c h n i q u e s  f o r  i n d i v i d u a l  d i f f e r e n c e  a n a l y s i s ,  v a r y i n g  
wi th  t h e  concep t  of  i n d i v i d u a l  d i f f e r e n c e ,  t h e  d e f i n i t i o n  of 
weight  and t h e  c r i t e r i o n  t o  be minimized,  e t c .  The nonmetr ic  
p rocedure  has  a l s o  been i n t r o d u c e d .  F u r t h e r  t h e  p rocedure  com- 
b ined  w i t h  f a c t o r  a n a l y s i s  has  been developed by t h e  a u t h o r s  1 1 8 1 .  
These a r e  a l l  o m i t t e d  h e r e .  
WPENDIX D: QUANTIFICATION >lETHOD OF THE FIRST CLASS 
A s e r i e s  of  t h e  methods of  q u a n t i f i c a t i o n  has been developed 
by C.  Hayashi [ a ]  one of  t h e  famous Japanese  s t a t i s t i c s  mathe- 
n a t l c i a n s ,  and i t  comprises s e v e r a l  varieties of c l a s s e s .  Based 
on t h e  fundamental  concep t  of  t h e  u s u a l  r e g r e s s i o n  a n a l y s i s ,  d i s -  
c r i m i n a n t  a n a l y s i s ,  o r  c l u s t e r  a n a l y s i s ,  a lmos t  a l l  c l a s s e s  of  
t h e  methods aim a t  t h e  d i r e c t  a n a l y s l s  of  d a t a  p l a c e d  q u a n t i t a -  
t i v e l y  i n  some r a n k s ,  a s  i n  t h e  p o l l i n g  i n  Appendix A. The method 
w e  have used  i n  Chapter  4 1s a n o d i f i e d  one of t h e  f i r s t  c l a s s ,  
which i s  based  on zhe concept  of  r e g r e s s i o n  a n a l y s i s .  The o u t l i n e  
of t h e  method is ske tched  I n  t h e  f o l l o w i n g .  
Suppose t h a t  n i t ems  a r e  under  s t u d y  l n  a  q u e s t i o n n a i r e  and 
each  of them c o n s i s t s  of 2~ categories, j = 1,2, . . . ,  J .  Each of 
.ii sampled p e o p l e  is t o  respond t o  one of  t h e  c a t e g o r i e s  i n  each  
i tem.  T h i s  r e sponse  i s  e x p r e s s e d  f o r  convenience  by t h e  symbol: 
'-1, i f  t h e  sample < responds  t o  t h e  c a t e g o r y  L 
of  t h e  l tem j 5;  ( j , ; C )  = . 
0 ,  otherwise 
L 
(Dl 
for 2 = 1,2, ..., 2;; j = 1,2, . . . ,  n ;  and < = 1 , 2 ,  . . . ,  8. Moreover 
it is assumed in the first class of the method that each sample 
has a quantitatively measured value, L C ,  called the external 
criterion. 
The first-class quantification is carried out by giving a 
quantitative value zjk! called the category score, to cateqory 
k of an item j ,  to maxlmlze the correlation 
or equivalently to minimize 
- - 
Here, Y ,  3 ,  o y ,  and a. are the means and the standard deviations 
of Y? and y:, respectively. The above idea is to determine the 
coefficients =i: such that they yield the best regression of the 
criterion varia6le value ?j by the response prediction variable 
6 , ~  ( , , i c )  . 
We can obtain useful information from the result'of the best 
regression obtained. One of the most important pieces of infor- 
mation is the partial correlation coefficient 
where rij is the (i, j )  element of the inverse of the (n + 1 ) x 
( n  t 1 )  matrix 3 ;  the ( p , q )  element of .? is the correlation be- 
tween 2i2 and 2 j q ,  i running from 1 to !I (ai . j  for j = 1,2,. . . ,n 
has been- defined ln equation (D2) and I-; ,,+! is I J j  itsel:) . The 
value of r 5 :  reflects the strength of the dlrect relation of the 
item j to the external criterion, with lndlrect relations through 
the items other than J removed. 
The present authors have polnted out that the above basic 
procedure has a shortcoming for the data of the items with some 
"ordered" categories, ordered, say, from "very attractive" to 
"very unattractive," like our polling in Appendix A. For the 
analysis of such data, we have proposed that there should be some 
specious value order in r.;, e.g., r; - < . * *  
= -j2 = r . .  for 
. d 
- 
9 K ;  
eve ry  j = I , ? ,  . . . ,  n ,  and have established t h e  completecomputa-  
t i o n  2 roceaure  and t h e  computer program [ 1 9 ] .  
The a u t h o r s  would i i k e  t o  acknowledge s i n c e r e l y  t h e  k l n c  
c o n s i d e r a t i o n  of  t h e  members of A r c h i t e c t u r e  H i s t o r y  Labora to ry ,  
Department of A r c h i t e c t u r e ,  Kyoto U n i v e r s i t y ,  c h a i r e d  by ? r o f e s -  
s o r  Koj i  Nishikawa, who have made a v a i l a b l e  t h e p o l l i n g  d a t a  t o  
t h e  a u t h o r s .  
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ABSTRACT 
The ?r imary  o b j e c t i v e  of t h i s  s t u d y  is t o  develop  h i e r a r c h i -  
c a l  n o d e l s  f o r  t h e  management of  w a t e r  supp ly  and t r e a t m e n t  of  a  
r i v e r  b a s i n .  
The major  socioeconomic i n d i c a t o r s  t h a t  must be c o n s i d e r e d  
i n  a  w a t e r  management problem a r e  o b t a i n e d  from an i n t e g r a t e d  
r e g i o n a l  development p i ann ing  model ( IWPM) ,  which has  Seen b u i l t  
t o  seek  t h e  d e s i r a b l e  long-term socioeconomic development p a t t e r n  
of t h e  r e g i o n .  
Next ,  a  w a t e r  demand e s t i m a t i o n  node l  (WDEM) i s  b u i l t  t o  
c a l c u l a t e  w a t e r  demands f o r  each  socioeconomic s e c t o r  t a k i n g  i n t o  
accoun t  t h e  improvement of t h e  q u a l i t y  of  l i f e  and t h e  t echno log-  
i c a l  p r o g r e s s .  X model t o  e s t i i n a t e  t h e  amount of 3OD exhaus t ed  
(MEBE) is  a l s o  b u i l t ,  by whlch t h e  p o l l u t i o n  load  e x p r e s s e d  by 
90D is  c a l c u l a t e d  f o r  each  s u b r e g i o n  of  t h e  r i v e r  b a s i n .  
F i n a l l y ,  a  w a t e r  management p l ann ing  model (LiMPM) i s  b u i l t  
by which t h e  o p t i m a l  p u b l i c  sewage t r e a t m e n t  s t r a t e g i e s  a r e  con- 
s i d e r e d  t o g e t h e r  w i t h  t h e  w a t e r  supp ly  p l ann ing .  I n  t h i s  model, 
c o n s i d e r i n g  a  f o r e s e e a b l e  s h o r t a g e  of t h e  w a t e r  r e s o u r c e s ,  it i s  
assumed t h a t  t h e  wa te r  t r e a t n e n t  by p u b l i c  t e r t i a r y  t r e a t m e n t  
p l a n t s  can  be r e  l s e d  by i n d u s t r y .  I n  'wMPt4, t h e  problem is formu- 
l a t e d  a s  an o p t i n i z a t i o n  one w i t h  x u l t i o b j e c t i v e  f u n c t i o n s ,  and 
t h e  se t  of P a r e t o  o p t l m a l  s o l u t i o n s  a r e  d e r i v e d  by a d o p t l n g  t h e  
p a r a m e t r i c  method i n  t h e  l i n e a r  programming t echn ique .  
Through a  s t u d y  f o r  t h e  Yodo r i v e r  b a s i n ,  it i s  a s c e r t a i n e d  
t h a t  v a r i o u s  impor t an t  information t o  s u p p o r t  d e c i s l o n  xaking 
f o r  long-range  w a t e r  management c a n  be o b t a i n e d  from =he k + ~ e r -  
a r c h i c a l  model b u i l t .  
1 .  INTRODUCTION 
Caused bo th  by J a p a n ' s  r a p l d  i n d u s t r i a l  development and by 
t h e  l i m i t e d  a v a i l a b i l i t y  of  wa te r  r e s o u r c e ,  t h e  s h o r t a g e  o f  wa te r  
r e s o u r c e  and t h e d e t e r i o r a t i o n  o f  w a t e r  q u a l i t y  a r e  becoming ve ry  
s e r i o u s  p a r t i c u l a r l y  i n  h i g h l y  i n d u s t r i a l i z e d  a r e a s .  
I n  t h e  su rvey  r e p o r t  on long-term w a t e r  r e s o u r c e  manaqement 
perspectives prepa red  by t h e  X i n i s t r y  o f  C o n s t r u c t i o n  of  Japan 
[ I ] ,  it is c a u t i o n e d  t h a t  w a t e r  demands might  grow t o  be  cons ld -  
e r a b l y  i n  e x c e s s  o f  wa te r  supp ly  by t h e  y e a r  1985. For example,  
i t  1s e s t i m a t e d  t h a t  wa te r  demands f o r  r e s i d e n t i a l  and i n d u s t r i a l  
a c t i v i t i e s  w i l l  i n c r e a s e  i n  Japan from 27.0 ( b i l l i o n  m3/year)  i n  
1960 t o  57.7 i n  1985. Th i s  c a u t i o n  i n d i c a t e s  t o  us  t h e  n e c e s s i t y  
of c o n s t r u c t i n g  new wa te r  r e s o u r c e  u t i l i z a t i o n  sys tems.  I n  o t h e r  
words,  i t  i s  n e c e s s a r y  no t  on ly  t o  c o n s t r u c t  new dams b u t  a l s o  t o  
b u i l d  new w a t e r  u t i l i z a t i o n  sys tems;  e . g . ,  under  i n v e s t i g a t i o n  i n  
s e v e r a l  r e g i o n s  a r e  sys tems f o r  r e u s i n g  w a t e r  t r e a t e d  by p u b l i c  
t e r t i a r y  t r e a t m e n t  p l a n s  f o r  i n d u s t r i a l  usage  [ 2 ] .  
With t h e  purpose o f  p r e v e n t i n g  t h e  d e t e r i o r a t i o n  o f  t h e  wa te r  
q u a l i t y  of  r i v e r s ,  t h e  w a t e r  t r e a t m e n t  problem i s  a n o t h e r  i n p o r -  
t a n t  i s s u e  i n  water management p l ann ing .  A t  t h e  p r e s e n t  t i n e ,  
t h e  coverage  r a t e  of  p u b l i c  sewerage sys tems i s  s t i l l  n o t  h igh  i n  
Japan ( t h e  p u b l i c  sewage t r e a t m e n t  r a t i o  by p o p u l a t i o n  is 1 4  per-  
c e n t  i n  1970 [ 3 1 ) .  The c o n s t r u c t i o n  p l ann ing  problem of sewerage 
sys tems is one o f t h e  impor t an t  s u b j e c t s  t o  be c o n s i d e r e d  i n  i n t e -  
g r a t e d  r e g i o n a l  development 2 l ann ing  i n  Japan.  
a e i n g  i n  t h e  s i t u a t i o n  mentioned above ,  w e  a r e  now under  
tremendous p r e s s u r e  t o  f i n d  ways of improving u t i l i z a t i o n  and 
t r e a t m e n t  of  c h i s  impor t an t  r e s o u r c e ,  based  on more complete p i c -  
t u r e s  of  w a t e r  management p l ann ing  sys tems.  
The pr imary  o b j e c t i v e  o f  t h i s  s t u d y  is  t o  develop  a  2 l ann ing  
system model f o r  wa te r  supply  and t r e a t m e n t  management f o r  a  r i v e r  
b a s i n .  The r e g i o n  s p e c i f i c a l l y  s t u d i e d  is  t h e  Yodo r i v e r  b a s i n ,  
which is  one of t h e  most impor t an t  r e g i o n s  i n  J a p a n ,  because  z he 
Vodo s u p p l i e s  d r i n k i n g  w a t e r  t o  a b o u t  10 rn i l l l on  people  and i n -  
d u s t r i a l  wa te r  t o  one o f  t h e  economic c e n t e r s  o f  Japan.  
I n  t h e  s t u d y  of  wa te r  management p l ann ing  of  a r i v e r  b a s i n ,  
i t  is e s s e n t i a l l y  necessa ry  t o  e s t i m a t e  f u t u r e  w a t e r  demands and 
p o l l u t i o n  l o a d s  o f  a  r e g i o n  by f o r e c a s t i n g  developments o f  s o c i o -  
economic a c t i v i t i e s  (residential, i n d u s t r i a l ,  s t c . )  . I n  most 
s r e v i o u s  wa te r  management ? l ann lng  s t u d i e s ,  t h e s e  n e c e s s a r y  soc io -  
;conomic indicators have n o t  been c a l c u l a t e d  d i r e c t l y  by b u i l d i n g  
r e g i o n a l  development models .  
The t o t a l  planning model developed i n  t h i s  s tudy is con- 
s t r u c t e d  of t h e  following four  submodels: 
- an integrated r e g l o n a l  development p iannlng model (IRDPM) 
used t o  seek t h e  des lzaDle  development ? a t t e r n  of a  r l v e r  
nas ln  
- a  water demand e s t l a a t l o n  s o d e l  (*DE.Xij TG c a ~ c s l a t s  furry-re 
water  demands f o r  each socloeconomlc s e c t o r  
- a  model t o  es t lmate  t h e  amount of BOD t o  be exhausted 
( M E B E ) ,  whlch 1s b u l l t  t o  c a l c u l a t e  pollution loads  of 
r l v e r s  based on o u t p u t s  of IRDPM 
- a  water management plannlng model (WMPM) f o r  water supply 
and t rea tment  of t h e  r l v e r  b a s l n ,  by whlch opt lmal  p u b l l c  
sewage t rea tment  strategies a r e  l n v e s t l g a t e d  t o g e t h e r  
wrth water supply plannlng.  
These four-submodels a r e  combined h i e r a r c h i c a l l y  a s  shown 
i n  Figure  1 .  The r e m l t s ' o b t a i n e d  from WMPM a r e  t o  be used t o  
check t h e  f e a s i b i l i t y  of a  s p e c i f i c  i n t e g r a t e d  reg iona l  develop- 
s e n t  plan from t h e  viewpoint of water usage. 
2 .  INTEGRATED REGIONAL DEVELOPMENT P L A N N I N G  LvlODEL 
The i n t e g r a t e d  r e g l o n a l  development p lanning nodel  used ?,ere 
has been b u i l t  t o   see^ t h e  d e s i r a b l e  long-term socioeconomic de- 
velopment p a t t e r n  i n  the  Kinki region (which is  composed of seven 
2 r e f e c t u r e s  i n  the  middle of j a p a n ) .  The Yodo r i v e r  bas in  i s  t h e  
c e n t r a l  p a r t  of t h e  Kinki reg ion ,  and t h e  Yodo and i t s  s a i n  
branches flow through four  p r e f e c t u r e s .  
The major socioeconomic indicators necessary  f o r  considera-  
t i o n  i n  a water aanagement ?roblem of t h i s  bas in  a r e  b a s i c a l l y  
obta ined from IRDPM, bu t  some rearrangements a r e  necessary  be- 
cause of t h e  discrepancy of r e g i o n a l  d i v i s i o n  between IRDPM and 
ZTIPM. A d e t a i l e d  d e s c r i p t i o n  of IRDPM is  given i n  [ U j .  In  t h l s  
s e c t i o n ,  on ly  a  b r i e f  exp iana t ion  of t h e  model s t r u c t u r e  i s  given.  
In IRDPY, v a r i o u s  a s p e c t s  a r e  taken i a t o  account ,  n o t  only  
economical ones but  a l s o  ones concerning environmental  p o l l u t i o n ,  
and l and  and water  resource  a v a i l a b i l i t y .  The p r i n c i p a l  f a c z o r s  
i w l u d e d  i n  IXDPM a r e  a s  fol lows:  
- age s t r u c t u r e s  of populat ion acd l a b o r  f o r c e  
- i a d u s t r i e s  c l a s s i f l e d  i n t o  1 2  s e c t o r s  
- s o c i a l  overhead c a p i t a l  
- consumption s t r u c t u r e  
- t r a n s p o r t a t i o n  among ~ r e f e c t u r e s  
- t o t a l  amounts of land and water  a v a i l a b l e  u l t l n a t e l y ,  and 
environmental  capac i ty  a t  t h e  2 r e f e c t u r e  Levei 
- s u b s t i t u t i o n  between c a p i t a l  and l abor  
- t echno log ica l  p rogress .  
A s  t h e s e  f a c t o r s  a r e  too  l a r g e  t o  be handled by a s i n g l e  
model, a  h i e r a r c h i c a l  approach is adopted h e r e ;  i . e . ,  t h e  whole 
IRDPM is  cons t ruc ted  by combining t h e  fo l lowiag  t h r e e  submodels 
h i e r a r c h i c a l l y .  
Integrated Regional Developmenr Planning Model 
I I 
o f  BOD Exhausted I I 
I 
Figure  1 .  H i e r a r c h i c a l  s t r u c t u r e  of t o t a l  systems model f o r  
water management. 
Water Management Planning Model 
In  t h e  upper s t r a tum submodel, seven p r e f e c t u r e s  of t h e  
Kinki r eg ion  a r e  aggregated t o g e t h e r  and t h e  whole reg ion  is 
t r e a t e d  a s  one. Assuming t h e  f u t u r e  consumption p a t t e r n ,  both  
c a p i t a l  and l a b o r  a r e  a l l o c a t e d  t o  each i n d u s t r y  s o  a s  t o  maxi- 
mize t h e  g r o s s  r e g i o n a l  product  of t h e  whole reg ion  by adopt ing 
a  linear-programming technique.  
I 
I 
In  t h e  middle s t r a tum submodel, only  two t ime p o i n t s ,  i . e . ,  
t h e  i n i t i a l  and t h e  f i n a l  y e a r s  of t h e  whole p lanning p e r l o d ,  
a r e  cons ide red ,  whereas t h e  region is  div ided  i n t o  p r e f e c t u r e s .  
The linear-programming technique i s  a l s o  used t o  determine t h e  
opt imal  r e g i o n a l  a l l o c a t i o n  of popu la t ion ,  i n d u s t r y ,  and s o c i a l  
c a p i t a l  i n  t h e  f i n a l  yea r  under s e v e r a l  premises which a r e  g iven 
by t h e  upper s t r a tum submodel. Here, t h e  amounts of land and 
water a v a i l a b l e  u l t i m a t e l y  a r e  taken i n t o  account  a s  constraints 
i n  t h e  p rocess  t o  determine t h e  op t imal  a l l o c a t i o n  p a t t e r n .  This  
submodel is b u i l t  wi th  t h e  purpose of reducing t h e  o p e r a t i o n a l  
d i f f i c u l t y  of t h e  whole model; i. e . ,  it makes it e a s i e r  t o  ex- 
amine v a r i o u s  a l t e r n a t i v e s  of t h e  r e g i o n a l  development s t r a t e g y  
under d i f f e r e n t  premises.  
I I 
The dynamic f e a s i b i l i t y  of some s u i t a b l e  development pa t -  
t e r n s  ob ta ined  by t h i s  submodel i s  examined more p r e c i s e l y  by 
t h e  lower s t r a tum submodel. The fundamental s t r u c t u r e  of t h i s  
submodel is shown i n  Figure  2 .  The demand-supply r e l a t i o n s h i p s  

der ived  from t h e  input-output  t a b l e  a r e  considered annua l ly  and 
t h e  op t imal  s t r a t e g y  of investment i s  determined by us ing a  
quadratic-programming technique.  
3 .  MODEL TO ESTIMATE WATER DEMAND .WD BOD ZXHAUSTED 
In  t h e  p lanning problem of water  supply and t r e a t a e n t  nanage- 
ment f o r  a  r i v e r  b a s i n ,  t h e  whole reg ion  i s  d i v i d e d  i n t o  !4 sub- 
r eg ions .  The t o t a l  p lanning p e r i o d  i s  div ided  i n t o  N planning 
s t a g e s ,  and we l e t  n denote  t h e  n t h  planning s t a g e .  
3 . 1  . Water Demand Est imat ion Model (WDEbl) 
In  WDEM, water  demands of each reg ion  a r e  e s t ima ted  c a t e g o r -  
i zed  i n t o  t h e  fo l lowing sociceconomic s e c t o r s :  r e s i d e n t i a l ,  com- 
m e r i c a l ,  i n d u s t r i a l ,  and a g r i c u l t u r a l .  Other economic s e c t o r s  
such a s  f o r e s t r y  and mining a r e  omi t t ed  because of t h e i r  low water  
consumption o r  of t h e i r  low a c t i v i t y  i n  t h e  reg ion .  A schemat ic  
d e s c r i p t i o n  of WDEM is given i n  F igure  3 .  
-Residential + Commrcial Sectors 
(Citizen's Income+---- -0 
Drinking Water d r  
-Industrial Sector 
Population Pm,n 
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Figure  3 .  Schematic d e s c r i p t i o n  of WDEM. 
Xate r  demands f o r  t h e  residential and commercial  s e c t o r s  
a r e  e s t i m a t e d  c o g e t h e r  based on t h e  number of i n h a b i t a n t s  of  t h e  
n t h  r e g i o n ,  i . e . ,  ?,T,, ( p e r s o n s ) .  The f u t u r e  d r i n k i n g  w a t e r  de- 
. , 
,d r  3 
nand f o r  t h e s e  s e c t o r s ,  say  d m , ,  ( m  / d a y j ,  i s  c a l c u l a t e d  by n u l t i -  
p l y i n g  ?, by t h e  u n i t  amount o f  w a t e r  demand p e r  c a p r t a ,  which 
i s  e x p r e s s e d  by 5; ,  ,, (m3/?erson/day) . I t  is assumed t h a t  5, ,, 
t a k e s  a d i f f e r e n t  v a l u e  i n  aach  r e g i o n ,  and i t  w i l l  i n c r e a s e  in 
t h e  f u t u r e  because  of  t h e  r l s e  of  c i t i z e n ' s  income. 
For t h e  i n d u s t l i a l  s e c t o r ,  w a t e r  demands f o r  each  r e q i o n  
d  f  denoted  a , ,  , (m3/day j a r e  e s t i m a t e d  based  on i n d u s t r i a l  o u t ? u t s  
c a t e g o r i z e d  by 2 0  manufac tu r ing  i n d u s t r i e s ,  Xj,,,, ( y e n / y e a r )  , 
c a l c u l a t e d  by IRDPM. The amount of  w a t e r  demand t o  produce u n i t  
i n d u s t r i a i  o u t p u t ,  s ay  ,$ , ,, ( m J /  ( y e n / y e a r )  /day)  , t a k e s  a d i f f e r -  
e n t  v a l u e  i n  e a c h  r e g i o n ,  and it  i s  assumed t h a t  i t  w i l l  d e c r e a s e  
because  o f  t h e  t e c h n o l o g i c a l  p r o g r e s s  such  a s  t h e  i n c r e a s e  o f  t h e  
r e c y c l i n g  r a t i o  of w a t e r  a sage  i n  t h e  f u t u r e .  
cla 3 A g r i c u l t u r a l  wa te r  demand am,, ( m  / day )  i s  a l s o  e s t i m a t e d  
a  f o r  eacn  r e g i o n  based  on t h e  a g r i c u l t u r a l  p r o d u c t s  z , , ,  (yen /  
y e a r ) ,  and t h e  u n i t  o f  r a t e r  demand f o r  t h i s  s e c t o r  <> i m 3 /  (yen/  
y e a r ) / d a y )  is assumed t o  be c o n s t a n t  t h rough  t h e  whole p l a n n i n g  
p e r i o d .  
3 . 2 .  Xodel t o  E s t i m a t e  t h e  Amount of  BOD Exhaus ted  ( Y i B E )  
There  a r e  many i t e m s  t h a ~  i n d i c a t e  t h e  l e v e l  of wa te r  po l -  
l u t i o n  such  a s  b iochemica l  oxygen demand (BOD), chemica l  oxygen 
demand ( C O D )  , t o t a l  n i t r o g e n  (TN) , suspended s o l i d s  ( 5 . 5 )  , e t c .  
To i n v e s t i g a t e  a  long-term wa te r  t r e a t m e n t  p l a n n i n g  problem i n  
a  wide a r e a ,  BOD i s  used h e r e  a s  an i n d i c a t o r  t o  e x p r e s s  t h e  
l e v e l  of  wa te r  q u a l i t y  i n  r i v e r s .  
The s t r u c t u r e  o f  XEBE i s  shown i n  F i g u r e  *. A s  p o l l u t i o n  
s o u r c e s  of  BOD, t h e  a g r i c u l t n r a l  s e c t o r  i n c l u d i n g  t h e  l i v e s t o c k  
i n d u s t r y  is o m i t t e d  because  of i t s  n e g l i g i b l e  p o l l u t i o n  l o a d  ex-  
h a u s t e d  t o  t h e  r e g i o n .  
Fo r  t h e  r e s i d e n t i a l  and commercial  s e c t o r s ,  t h e  m o u n t s  of 
BOD g e n e r a t e d  a r e  c a l c u l a t e d  c l a s s i f i e d  by n i g h t  s o i l  and o t h e r  
was t e  w a t e r .  L e t  us  d e n o t e  t h e  g e n e r a t i o n  f a c t o r s  of  30D from 
2 
n i g h t  s o i l  and o t h e r  was te  water  a s  9 '  and D? ( g / ? e r s o n / d a y ) ,  
r e s p e c t i v e l y .  I t  1s assumed t h ~ t  q i  i s  c o n s t a n t  f o r  b o t h  7 and 
- 
' 2 .  
q ,  and 3, Ancreases i ts v a l u e  v l t h  n due t o  t h e  iinprovement of 
t h e  q u a l i t y  of l i f e .  The t o t a l  amount of  BCD g e n e r a t e d ,  s a y ,  
, r 
J 7 , n  ( t o n / d a y ) ,  i s  o b t a i n e d  from 
vne re  i i s  t h e  r a t i o  of 30D from n i g h t  s o i l  t~ t h e  t o t a l  one .  
n  
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Figure  4 .  S t r u c t u r e  of LYEBE. 
3 I n  F i g u r e  4 ,  3.; ,, neans  t h e  g e n e r a t i o n  f a c t o r  of  BOD from 
manufac tur ing  f a c t o r i e s ,  and t h i s  v a l u e  d i f f e r s  acco rd ing  t o  in -  
d u s t r i a l  c a t e g o r y  i and t o  r e g i o n  m and is i n  u n i t s  o f  kg / (yen /  
y e a r ) / d a y .  F a c t o r i e s  have imposed on them t h e  f o l l o w i n g  e f f l u e n t  
s t a n d a r d s  of  a O D ,  conce rn ing  i n d u s t r i a l  was t e  w a t e r ,  by l o c a l  
a u t h o r i t i e s  i n  t h e  Yodo r i v e r  b a s i n :  t h e  c o n c e n t r a t i o n  of  309 
of was te  wa te r  exhaus ted  from f a c t o r i e s  s n o n l a  be under '20 ;?pin) 
f o r  a l r e a d y  e x i s t i n g  f a c t o r s ,  and 20 (pprn) f o r  newly i n s t a l l e d  
ones .  L e t  us  deno te  t h e  BOD c o n c e n t r a t i o n  of  g e n e r a t e d  was t e  
wa te r  by v i , , q l n  (ppm),  which changes i ts  v a l u e  w l t h  n  because  of 
f u t u r e , t e c h n o l o g i c a l  p r o g r e s s ,  t h e n  t h e  r e d u c t i o n  r a t e  of BOD, 
- 
I 
s a y ,  u,;,,n,n and ;I-: , , 7 , ,  can  be de termined by 'J,; ,,,, and t h e  e f f l u -  
e n t  s t a d a r d s  mentioned above. The t o t a l  amount of BOD exhaus t ed  
f  
i n t o  t h e  r e g i o n  from f a c t o r s  S,,, ( t o n / d a y )  i s  g i v e n  j y  
4 .  WATER .WAGE&ENT PLANNING NODEL (WMPM) 
4 . 1 .  S t r u c t u r e  of  WMPM 
I n  t h e  p r e v i o u s  s e c t i o n ,  t h e  amount o f  w a t e r  demand and pol -  
l u t i o n  l o a d  a r e  e s t i m a t e d .  I n  r/JMPM, bo th  t h e  problem o f  supp ly  
t o  meet t h e s e  wa te r  demands and t h e  problem of t r e a t n e n t  of  po l -  
l u t i o n  l o a d s  a r e  c o n s i d e r e d  s i m u l t a n e o u s l y  a s  a  mathemat ica l  
problem w i t h  n u l t i p l e  o b j e c t i v e  f u n c t i o n s .  
F i r s t ,  w l t h  t h e  purpose  of n e e t i n g  i n c r e a s i n g  wa te r  demands, 
w e  must develop  new wa te r  r e s o u r c e s  a t  each  p l ann ing  s t a t e .  For 
t h e  Yodo r i v e r  b a s i n ,  i t  1s now becoming ve ry  d i f f i c u l t  t o  con- 
s t r u c t  new l a r g e - s c a l e  dams. I n  WPM, c o n s i d e r i n g  t h e  f o r e s e e -  
a b l e  s h o r t a g e  o f  wa te r  r e s o u r c e s ,  it is assumed t h a t  much- t rea ted  
wa te r  from p u b l i c  t e r t i g y  t r e a t m e n t  ? l a n s  can  be r eused  f o r  i n -  
d u s t r y .  when t h e  v a r i a b l e  n,, ( t h e  r a t i o  of  r eused  t e r t i a r y  
t r e a t e d  d i s c h a r g e  t o  t h e  t o t a l )  i n c r e a s e s ,  t h e n  t h e  ainimum amount 
2 
of .da ter  exp res sed  by 2:, , ( m  /set) d e c r e a s e s  and t h i s  must be 
newly developed i n  t h e  r e g i o n  n a t  t h e  p l ann ing  s t a g e  r . .  One of 
t h e  key s u b j e c t s  f o r  inaking p r o p e r  d e c i s i o n s  f o r  wa te r  supp ly  
S 
-anagenent  is t h e  t r a d e - o f f  r e l a t i o n s h i ?  5et':reer: ?m, .? and 2,, , .
A t  ? r e s e n t ,  l t  is very  ha rd  t o  e s t i m a t e  c o s t s  n e c e s s a r y  t o  con- 
s t r u c t  t r e a t e d  water  r e u s e  sys tems and new dams i n  t h e  Yodo r i v e r  
b a s i n .  I N  WPM, t h e  c o s t s  o f  deve lop ing  t h e s e  new wa te r  supp ly  
sys tems a r e  n o t  c o n s i d e r e d  e x p l i c i t l y ,  b u t  t h e y  a r e  i n v e s t i g a t e d  
implicitly i n  t h e  node l .  I n  o t h e r  words,  t h e  c o s t  o f  b u i l d i n g  
new r e u s e  sys tems f o r  t r e a t e d  wa te r  i s  embedded i n t o  q,,,, which 
1s c o n s i d e r e d  a s  t h e  p r i n c i p a l  p o l i c y  p a - m e t e r  i n  WPlPM. The c o s t  
t o  b u i l d  new dams a t  each  p l ann ing  s t a g e  i s  a l s o  embedded i n t o  
, S a m , n ,  which is  c o n s i d e r e d  t o  be one o f  t h e  o b l e c t i v e  functions t o  
be minimi zed .  
Next, wi th  t h e  purpose of p reven t ing  t h e  d e t e r i o r a t i o n  of 
water q u a l i t y ,  t h e  c o n s t r u c t i o n  problem of p u b l i c  sewerage and 
t r ea tment  p l a n t s  should be i n v e s t i g a t e d  i n  WPM. For water  
t r ea tment  management, t h e  v a r i a b l e s  t o  be determined a r e  t h e  
fo l lowing:  
( a )  t h e  coverage r a t e  of  p u b l i c  sewerage systems 
( b )  t h e  r a t i o  of primary and secondary t r e a t e d  waste 
water  t o  t h e  t o t a l ,  denoted by a,,, 
( c )  t h e  r a t i o  of t h e  t e r t i a r y  t r e a t e d  waste water t o  
t h e  t o t a l ,  denoted by a,,,. 
I t  is  assumed t h a t  waste water d i scharged  i n t o  t h e  p u b l i c  sewer- 
age system i s  p u r i f i e d  a t  l e a s t  a t  primary and secondary t r e a t -  
ment p l a n t s .  There fo re ,  it is  assumed t h a t  t h e  r a t i o  of ( a )  is  
equa l  t o  z, of ( b ) .  The op t imal  s t r a t e g y  f o r  c o n s t r u c t i n g  
t r e a t m e n t  systems is so lved  s o  a s  t o  minimize t h e  t o t a l  c o s t  of 
both  c o n s t r u c t i o n  and o p e r a t i o n  necessa ry  f o r  water t r e a t m e n t ,  
which is denoted by J l  ( n )  (yen)  f o r  t h e  n t h  p lanning s t a g e  and i s  
considered t o  be t h e  p r i n c i p a l  o b j e c t i v e  f u n c t i o n  i n  WMPM. 
The i n c r e a s e  of a:,, causes  t h e  r i s e  of d i scharge  of r i v e r s ,  
and it i s  r e f l e c t e d  i n  t h e  d e c r e a s e  of t h e  3 0 D  d e n s i t y  of r i v e r  
water .  Thus it is obvious t h a t  t h e  c o s t  f u n c t i o n  J l  ( n )  necessary  
t o  s a t i s f y  environmental  c o n s t r a i n t s  on r i v e r s  w i l l  d e c r e a s e  i f  
S 
we can i n c r e a s e  a,,, by developing new water r e sources .  There- 
f o r e ,  it becomes ve ry  important  t o  examine t h e  t rade-off  r e l a t i o n -  
s h i p  between J ( n )  and 2: , n .  
A s  a  r e s u l t ,  t h e  problem considered i n  WPM i s  reduced t o  
determining t h e  opt imal  s e t  of a,,, and a,,,, which minimizes 
t h e  o b j e c t i v e  f u n c t i o n s  of J l  ( n )  and Q:, s imul taneously  f o r  an 
adequate va lue  of n,, under v a r i o u s  c o n s t r a i n t s .  
I n  t h i s  model, t h e  op t ima l  s o l u t i o n  is determined sequen- 
t i a l l y  f o r  each planning s t a g e  n .  Since t h e  o p t i m i z a t i o n  problem 
formulated i n  WMPM has m u l t i p l e  o b j e c t i v e  f u n c t i o n s ,  t h e  op t ima l  
s e t  of s t r a t e g i e s  f o r  t h e  n t h  s t a g e  ( a ,  = 1; ,, 0, , = 3;,,; 
m = 1 - M )  is not  determined uniquely, buf a  s e t ' o f  s o i u t i o n s  1s 
der ived  t h a t  s a t i s f y  Pare to  o p t i m a l i t y  [ 51 . 
Based on t h e  r e s u l t s ,  such a s  op t ima l  s o l u t i o n s  (a,:,,; 3,:,,) 
and t h e  t r ade-of f  r e l a t i o n s h i p  between m u l t i p l e  objective func- 
t i o n s  f o r  v a r i o u s  n m , n ,  t h e  d e c i s i o n  makers s e l e c t  t h e  inost ap- 
p r o p r i a t e  s t r a t e g y  f o r  water  management from t h e  s e t  o f  Pa re to  
opt imal  s o l u t i o n s .  
Af te r  f i n d i n g  t h e  b e s t  p o l i c y  f o r  t h e  n t h  s t a g e  it becomes 
p o s s i b l e  t o  i n v e s t i g a t e  t h e  opt imal  p lanning problem f o r  t h e  next  
s t a g e .  Repeating t h i s  procedure s e q u e n t i a l l y  u n t i l  t h e  f i n a l  
s t a g e  n = N i s  reached,  it becomes p o s s i b l e  t o  s tudy  t h e  long- 
term planning problem f o r  water management of t h e  r i v e r  bas in .  
-1.2.  : . la thematical  D e s c r i p t i o n  of WMPM 
The d e t a ~ l e d  ma thema t l ca l  d e s c r i p t i o n  of  WMPM i s  a s  f o l l o w s :  
The c u a n t i t a t l v e  f l ow  d lagram of w a t s r  : z c l ~ d ; n g  denacc  an= 
supp ly  r e l a t l o n s h l p s  i n  eacn  regLon 1s i i l u s t r a t e c  rn 7 r g u r 2  5 .  
The ma thema t l ca l  n o t a t l o n  I n  t n l s  f i g u r e  i s  a s  f o l l o w s :  
* d 
- t o t a l  amount of  w a t e r  demand f o r  t h e  r e g i o n  .n I n  :he 
' . n ,  n 
n t h  p l ann ing  s t a g e  (m3/day) 
2 : : ; :  - amount o f  w a t e r  s u p p l i e d  f o r  r e s i d e n t i a l  and indus-  
t r i a l  s e c t o r s  from dams and underground wa te r  
s o u r c e s  w i t h i n  t h e  r e g i o n  7 developed  b e f o r e  t h e  q t h  
p l a n n i n g  s t a g e  im3/sec) 
3 
;U - i n t a k e  amount of wa te r  from main r i v e r  ( m  /set) 
71 , n  
- 3 
- rnean d i s c h a r g e  a t  t h e  upper  s t r e a m  p o i n t  ( m  /set) 
* T , E  
2: - lower  l i m i t  of wa te r  d i s c h a r g e  p e r m i s s i b l e  down- 
s t r eam of  t h e  i n t a k e  p o i n t  (rn3/sec) 
3 - r a t e  of l o s s  i n  wa te r  usage  p r o c e s s .  
To meet t h e  i n c r e a s i n g  w a t e r  demand of  e a c h  r e g i o n ,  t h e  r e -  
l a t i o n s h i p  
must be s a t i s f i e d ,  i n  x h i c h  t h e  f o u r t h  te rm o f  t h e  r l g h t  s i d e  i s  
e q u a l  t o  t h e  amount of  r e c y c l e d  x a t e r  from t e r t i a r y  t r e a t m e n t  
? l a n s .  S i n c e  it 1s p o s s i b l e  t o  r e u s e  t e r t i a r y  t r e a t e d  w a t e r  o n l y  
f o r  i n d u s t r y ,  t h e  fo l lowrng  c o n s t r a i n t  s h o u l d  be  imposed: 
where 2 , , ,  is  t h e  maximum r a t e  o f  t e r t i a r y  t x e a t e d  w a t e r  a p p l l c -  
a b l e  t o  :he i n d u s t r i a l  wa te r  demand. 'u r thermore ,  a s  t h e r e  i s  a  
lower  l i m i t  of wa te r  d i s c h a r g e  p e r m l s s l b l e  d o w n s t r e a m o f t h e  i n -  
t a k e  F o l n t ,  t h e  r e l a t i o n s h i p  
must be s a t i s f i e d  f o r  each  n .  
A s  i l l u s t r a t e d  i n  F i g u r e  5 ,  t h e  a g r i c u l t u r a l  w a t e r  demand 
- 5a  
* ? , z  i n  n o t  i n c l u d e d  i n  2' 7 1 , " .  because  of t h e  difference of methods 
Intake 
point 1 , 
C Region in --------- ----- 
Tri hutary dr 
Qm,n 
Main 
River 
Primary 6 Secondary 
Treatments 
I 
Trrtinry Treatment 
I U 
d 
% . n k , n ( l - - ~ ~ Q m . n  
Figure  5 .  Q u a n t i t a t i v e  f l o w  diagram of water  i n  each reg ion .  
of w a t e r  supp ly  from t h o s e  f o r  wa te r  f o r  r e s l d e n t l a l  and rndus-  
t r l a l  u se .  aased  on t h e  r e s u l t s  from IRDPM, l t  i s  assumed h e r e  
da - -da t h a t  4, ,, - .,- = c o n s t a n t  f o r  t h e  Yodo r i v e r  b a s i n ,  and s o  t h i s  
i s  n o t  t r e a t e d  e x p l i c l t l q r  i n  WM. 
Taking i n t o  accoun t  t h e  i n c r e a s e  of  deve loped  .da te r  r e s o u r c e s ,  
t h e  mean d i s c h a r g e  downstream i n c r e a s e s  a s  
Next, l e t  us  c o n s i d e r  t h e  t r e a t m e n t  problem of  t h e  p o l l u t i o n  
l o a d  of a O D  exhaus t ed  i n  each  r e g i o n .  I n  F i g u r e  6 ,  t h e  q u a n t i t a -  
t i v e - f l o w  d iagram of a O D  p o l l u t i o n  load  and i t s  t r e a t m e n t  i s  
shown, and t h e  ma thema t i ca l  n o t a t i o n  i n  t h i s  f i g u r e  i s  a s  f o l l o w s :  
, - t o t a l  amount of BOD exhaus t ed  w i t h l n  t h e  r e q l o n  .?r 
n,n f o r  t h e  n t h  p l a n n i n g  s t a g e  ( t o n / d a y )  
3 - e l i m i n a t i o n  r a t e  of BOD a t  n i g h t  s o i l  t r e a t T e n t  
p l a n t  
- r .T - r a t e  of  run-of f  f o r  o t h e r  was t e  wa te r  of  r e s i d e n t i a i  
s e c t o r  caused  by p u r i f i c a t i o n  i n  t r i b u t a r y  s t r e a m s  
- r a t e  of  run-of f  f o r  industrial was te  w a t e r  
y Z  - e l i m i n a t i o n  r a t e  of  BOD pr imary  and seconda ry  t r e a t -  
ments 
- e l i m i n a t i o n  r a t e  o f  BOD ? r i r n a q ,  s econda ry ,  and t e r -  3 t i a r g  t r e a t m e n t s  
- 
3 n , a  - p o l l u t i o n  l o a d  of  aOD a t  t h e  upper  s t r e a m  p o i n t  ( t on /day )  
371fn - p o l l u t i o n  load  of a O D  a t  t h e  downstream p o i n t  i t o n /  day )  
7 - r e a c h i n g  t ime  between upper  and downstream 2 o i n t s  
'7 (day )  
- r e a c h i n g  t u n e  between d i s c h a r g e  and downstream 
p o i n t s  ( d a y )  . 
Le t  ?,, i ton /day!  deno te  t h e  amount of  BOD ? u r i f i e d  w i t h i n  t h e  
r e g i o n  7 f o r  t h e  q t h  2 l a n n l n g  s t a t e ,  t h e n  t h e  d i s c h a r g e d  amount 
of BOD t o  t h e  n a i n  r i v e r  e x p r e s s e d  by 3 7 , n  ( t o n / d a y )  i s  g i v e n  by 
A s  i l l u s t r a t e d  i n  F l g u r e  6 ,  ?- 
1 ,P. 
can  be c a l c u l a t e d  a s  f o l l o w s :  
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Figure 6. Quantitative flow diagram of pollution load of BOD 
and its treatment. 
where t h e  l a s t  term of t h e  r i g h t  s i d e  1s t h e  one not  d ischarged 
i n t o  t h e  main r i v e r  by t h e  reuse  of wasted water .  A s  i t  i s  a1- 
most impossible  t o  c o n s t r u c t  p u b l i c  sewerage i n  a r e a s  of very  
low popula t ion  d e n s i t y ,  t h e  c o n s t r a i n t  
< x0 = c o n s t a n t  
" n , n - 1  2 ' n , n  = ,n ( 9 )  
0  should be imposed, i n  which ,I, expresses  t h e  maximum va lue  of 
:,,, f o r  t h e  region m through t h e  whole planning 2er iod .  A s  it 
1s p h y s i c a l l y  impossible  f o r  S T , ,  t o  exceed x,,, i t  holds t h a t  
Expressing t h e  s e l f - p u r i f i c a t i o n  phenomenon i n  t h e  main r i v e r  by 
t h e  S t r e e t e r - P h e l ? s  equat ion [6], it fo l lows  t h a t  
u  - 3 v , n  = [exp (-XT + exw (-.Ccmj z m , n  
where .Z i s  t h e  c o e f f i c i e n t  of s e l f - p u r i f i c a t i o n  i n  t h e  main r i v e r .  
The environmental  c o n s t r a i n t  of BOD d e n s i t y  imposed by the  l o c a l  
A U 
a u t h o r i t i e s  of t h e  Yodo r i v e r  b a s i n ,  expressed by 7, (ppm),  i s  
s p e c i f i e d  a t  t h e  downstream po in t  of each reg ion .  Then t h e  water 
q u a l i t y  of BOD a t  t h i s  p o i n t ,  say q ,n ,n  (ppm) must s a t i s f y  
I f  t h e  upper stream p o i n t  is not a  p lace  where s e v e r a l  r i v e r s  
n e e t ,  then  
and 
- 
- 
' 7 , n  3 n - 1  , n  
I t  i s  p o s s i b l e  t o  cons ider  r e l a t i o n s h i p s  s i m l l a r  t o  i 1 3 )  and ( 1 9 )  
f o r  the  case  i n  which s e v e r a l  r i v e r s  meet a t  the  upper s t ream 
po in t .  
i. 2 .  3 .  Cbjeccive Function J-, i r i  
The p r i n c r p a l  o b j e c t i v e  f u n c t i o n  d l  ( n )  t o  be minimized is  
where 
'1 ,n 
- u n i t  c o s t  t o  c o n s t r u c t  p u b l i c  sewerage a t  t h e  n t h  
p lanning s t a g e  ( yen/km2) 
5 - t o t a l  a r e a  of urban d i s t r i c t s  of t h e  region m ( k m 2 )  
m 
- t o t a l  c o s t  t o  c o n s t r u c t  primary and secondary t r e a t -  
'' '" ment p l a n t s  [yen/ ( ton /day)  1 
- u n i t  c o s t  t o  o p e r a t e  primary and secondar l  t r ea tment  C3 p l a n t s  through t h e  n t h  p lanning pe r iod  [yen/ ( ton/day)  1 
'4 ,n - u n i t  c o s t  t o  c o n s t r u c t  t e r t i a r y  t r e a t m e n t  p l a n t  [yen/ ( ton /day)  I 
'5,n - u n i t  c o s t  t o  o p e r a t e  t e r t i a r y  t r e a t m e n t  p l a n t  [yen/ ( ton/day)  1 . 
S Furthermore,  i,,, ( m  = 1-+l) a r e  considered t o  be t h e  o t h e r  objec-  
t i v e  f u n c t i o n s  t o  be minimized i n  WItPM.  
A s  a  r e s u l t ,  t h e  p lanning problem formulated i n  WMPM i s  a s  
fo l lows:  f o r  a  s e t  of a l l  i n i t i a l  and parameter va lues  g iven z 
? r i o z - i  t o  t h e  model, f i n d  the  s e t  of op t ima l  s o l u t i o n s  (a,; ',; 
3; t h a t  minimizes boch Z 1 ( n  ) of equa t ion  ( 1 5)  and J : ,  , ( m  = 1 - ?d l  
i n  equa t ion  ( 3 )  by changing t h e  va lue  of ?,,, i n  equa t ion  ( 3 )  
under t h e  constraints ( 3 )  - ( 1 4  ) . 
4 . 3 .  Procedure t o  Derive Pare to  Optimal S o l u t i o n s  
The fo l lowing  procedure i s  adopted h e r e .  Rewrite t h e  r e l a -  
t i o n s h i p  of equa t ion  ( 1  2 )  a s  
< 0 ,. 3m,n = ?m,n " 7 , n  ( 1 6 )  
s o  S e t t i n g  2: ,, = a , ,  , = c o n s t a n t  i n  e q u a t i o n  ( 3 )  , c o n s i d e r  t h e  ob- 
S j e c t i v e  f u n c t i o n  of a,,, (rn = l-!Y) a s  a  pa rame te r .  Then f i n d  t h e  
* 0  
o p t i m a l  s o l u t i o n  (a,,,: 3 i v n )  t h a t  minimizes t h e  s i n g l e  o b j e c t i v e  
f u n c t i o n  J l  ( n )  of e q u a t i o n  ( 1  5 )  under  t h e  c o n s t r a i n t s  ( 3 )  - ( 1 1  ) , 
1  3  , 1 U )  , and ( 1 6  . The s o l u t i o n  o f  t h i s  ~rob1e.m c a n  e a s i l y  
be o b t a i n e d  by t h e  l inear-programming t e c n n i q u e  (L?) .  
Adoptlng t h e  p a r a m e t r i c  a l g o r i t h m  i n  L? [ 7 ] ,  t h e  b e h a v i o r  
of  t h e  o p t i m a l  s o l u t i o n  can  be i n v e s t i g a t e d  a s  be ing  due t o  t h e  
s 
v a l u e  of  a, ,, ( m  = 1 -1Y i n  e q u a t i o n  ( 3  . L e t  u s  d e n o t e  t h e  columr, 
s s S s v e c t o r  ( 3  , n ,  . . . , SM , n )  by q n ,  and l e t  u s  assume t h a t  4, v a r l e s  
from t o  8;' = UAQ; on changing  t h e  B a r m e t e r  u, where A&: 1s 
an  ;Y-dimensional c o n s t a n t  v e c t o r  chosen a r b i t r a r i l y .  Then o p t i -  
mal va lue  of  J l  ( n )  denoted  by J ;  ( n )  changes  from 27 ( n )  t o  
i t  i s  known t h a t  k i n  e q u a t i o n  ( 1 7 )  t a k e s  a  c o n s t a n t  v a l u e  f o r  
where & and ;i;; a r e  c o n s t a n t  determined by bo th  Q;' and A@:. The 
r e l a t l o n s h l p  of  e q u a t i o n  ( 1 7 )  d e f i n e s  t h e  t r a d e - o f f  c u r v e  between 
s ( n )  and .dm,, ( m  = 1-1'4). I f  t h i s  r e l a t i o n s h i p  is c a l c u l t e d  f o r  
s 0  t h e  n e c e s s a r y  r ange  of g,. by changing  t h e  i n i t i a l  v a l u e  of 
. ,  - 
s * Q,,, i m  = 1-IY) a d e q u a t e l y ,  t h e n  t h e  set  of  s o l u t i o n s  (a:,,; ?I,,,) 
t h a t  s a t i s f y  t h e  P a r e t o  o p t i m a l i t y  c a n  be o b t a i n e d  s i m u l t . ~ n e o u s l y  
f o r  v a r i o u s  v a l u e s  of 3, ,, . 
5. NUMERICAL EXAMPLE FOR THE YODO RIVER BASIN 
I n  t h i s  s e c t l o n  l e t  us  b r i e f l y  e x p l a i n  t h e  main r e s u l t s  of  
each  model a s  o b t a i n e d  th rough  a  s t u d y  f o r  t h e  Yodo r i v e r  b a s i n .  
5 .1 .  Hain R e s u l t s  of  IRDPM, WDEM, and XE9E 
The t o t a l  a r e a  of  t h e  Yodo r i v e r  b a s i n  is  d i v i d e d  i n t o  !4 = 
7 s u b r e g i o n s  a s  shown i n  F igu re  7. The i n c r e a s e  of  p o p u l a t i o n  
and t h e  growth  of  t o t a l  i n d u s t r i a l  o u t p u t  of  e a c h  r e g i o n  e s t i m a t e d  
by IRDPM a r e  r e s p e c t i v e l y  i l l u s t r a t e d  i n  F i g u r e s  8 and 9 .  Water 
demands a r e  e s t i m a t e d  by WDEM f o r  each  r e g i o n  from 1975 t o  2000, 
and p a r t  o f  t h e  r e s u l t s  a r e  l i s t e d  i n  Tab le  1 .  i n  Tab le  2 ,  t h e  
amounts of BOD exhaus t ed  i n t o  each  r e g i o n  a r e  shown f o r  r e s i d e n -  
t i a l  and i n d u s t r i a l s e c t o r s  a s  e s t i m a t e d  by XEBE. 
M o n i t o r i n g  P o i n t  t o  Check W a t e r  I 
Q u a l i t y   
Figure  7 .  Regional  d i v i s i o n  of t h e  Yodo Rive r  b a s i n .  
1 Region 
0 
Year 
Figure 8. Population increase in each reg ion  e s t h a t e d  by IRDPf,I. 
Region 
1975 ' 8 0  ' 8 5  ' 9 0  ' 9 5  2000 
Year 
Figure 9. Increase of total industrial output in each region 
estimated by IRDPM. 
Table 1 .  Water demands for residential and industrial sectors 
in 1975 and 2000 estimated by WDEM (~103 m3/day). 
Residential Industrial 
Reg ion 1975 2000 1975 2000 
1 21 .O 39.2 9.4 18.4 
2 395.6 904.3 490.9 745.7 
3 110.1 260.5 56.1 134.0 
4 32.0 91 .9 125.4 234.1 
J 87.8 204.3 15.7 29.7 
6 54.9 137.9 34.1 53.5 
7 187.5 418.9 115.9 122.0 
Total 888.9 2057.0 857.5 1337.4 
Table 2. Amount of BOD exhausted within each region in 1975 
and 2000 estimated by MEBE (ton/day). 
Residential Industrial 
Reg Lon 1975 2000 1975 2000 
1 
2 
3 
4 
5 
6 
7 
Total 
5 . 2 .  R e s u l t s  of 'NMPM 
In  WMPM, d e c i s i o n  making is every f i v e  y e a r s ;  i . e . ,  t h e  in -  
i t i a l  yea r  of 1975 is  denoted by n = 0  and n = 1 i d e n t i f i e s  t h e  
year  1980, and n = N = 5 i d e n t i f i e s  2000. In  t h e  Yodo r i v e r  
b a s i n ,  both water demand and p o l l u t i o n  load a r e  ext remely high 
i n  t h e  r e g i o n  rn = 2 a s  compared wi th  o t h e r  r e g i o n s ,  a s  shown in 
Tables  I and 2 .  The reg ion  2 i n c l u d e s  t h e  maln p a r t  of Kyoto 
C i t y ,  and t h e  shor tage  of water  r e s o u r c e s  i s  a  particularly i m -  
p o r t a n t  s o c i a l  problem i n  t h i s  r eg ion .  P rev ious ly ,  most of t h e  
water  demand of t h i s  region has  been met by t h e  supply  from Lake 
Biwa through a  c a n a l ,  a s  shown i n  F igure  7. zowever, i t  seems 
t o  be ve ry  d i f f i c u l t  t o  i n c r e a s e  t h e  amount of water  supply  
through t h i s  c a n a l ,  and new water  supply  sys tems,  such a s  one f o r  
r eus ing  much-treated waste  water  i n  i n d u s t r y  usages ,  should  be 
adopted i n  t h e  f u t u r e  i n  r eg ion  2 .  Because of t h e  importance of 
water management i n  t h i s  r e g i o n ,  both  Q;,, and om,,  a r e  i n v e s t i -  
ga ted  on ly  f o r  m = 2 i n  t h e  fo l lowing.  
5 . 2 . 1 .  S o l u t i o n s  ,for Short-Term Planning Prob lems 
In  F igure  10,  t h e  s e t  of P2reto  op t ima l  s o l u t i o n s  [ i . e . ,  t h e  
t rade-off  r e l a t i o n s h i p s  among J1 ( I ) ,  4; and n 2  i s  i l l u s -  
t r a t e d  f o r  t h e  f i r s t  p lanning s t a g e  ( o r  f o r  t h e  y&ar  of 1980) .  
The s e t  of  s o l u t i o n s  i s  composed of two s u r f a c e s  ABCD and AEFGB, 
and t h e  fo l lowing  a r e  d e t a i l e d  d e s c r i p t i o n s  of r e p r e s e n t a t i v e  
s o l u t i o n s  t h a t  s a t i s f y  Pare to  o p t i m a l i t y .  
Solus ion 4 
The i n c r e a s e  of water  demand i n  reg ion  2 is  covered by 
merely developing a  r eus ing  system f o r  t e r t i a r y  t r e a t e d  
waste wa te r ,  and no newly developed water  supply  from 
dams is ncessary  ( i . e . , .  = 0 ) .  
S o l u t i o n  3 
The i n c r e a s e  of wa te r  demand i s  covered on ly  by developing 
new dams,.and no reus ing  system f o r  t e r t i a r y  t r e a t e d  waste  
water  i s  adopted ( i . e . ,  q 2 , 1  = 0 ) .  
Point  C 
The v a l u e s  of 2 2 , l  and 2: 1 of point,C a r e  equa l  t o  those  
of s o l u t i o n  B ,  and a s  t n e ' v a l u e  of 61 ( 1 )  of s o l u t i o n  B is  
smal l  than  t h e  one of p o i n t  C, t h e  l a t t e r  cannot be t h e  
one of t h e  Pare to  opt imal  s o l u t i o n s  because of t h e  d e f i n i -  
t i o n  of Pa re to  o p t i m a l i t y .  I n  o t h e r  words, t h e r e  e x i s t s  
no Pare to  op t imal  s o l u t i o n  on t h e  l i n e  segment BC except  
s o l u t i o n  B. 
Solu t ions  CD lezcluding po in t  C l  
Pare to  opt imal  s o l u t i o n s  i n  which waste water is  t r e a t e d  
maximally i n  r eg ion  2 .  
Figure 10. The set of Pareto optimal solutions for the first 
plannlng stage. 
S o l u t i o n s  3 A B  
This curve  expresses  the  t rade-off  r e l a t i o n s h i p  between the  
t o t a l  c o s t  of water  t r ea tment  i g i  ( l ) l  and t h e  r a t i o  of re-  
used t e r t i a r y  t r s a t e d  d i s c h a r g e  t o  t h e  t o t a l  ( Q  ) i n  which 
2s  , = 0 .  2 , l  
This  curve  expresses  t h e  t rade-off  r e l a t i o n s h i p  between 
J ; ( l )  and i n  which 1 2 , l  = 0.  
The t rade-off  r e l a t i o n s h i p  expressed by t h e  curve AB shows 
t h a t  dec reases  according t o  t h e  i n c r e a s e  of  n while  
* 2 , l  
21 ( 1  ) r i s e s  s l i g t h l y .  I t  impl ies  t h a t  t h e  i n c r e a s e  of c o s t s  
necessary  f o r  r eus ing  systems of t e r t i a r y  t r e a t e d  waste  water re-  
f l e c t s  t h e  dec rease  of c o s t s  f o r  t h e  development of new water  re- 
s o u r c e s ,  whi le  the  c o s t  f o r  water t r ea tment  r i s e s  a l i t t l e .  Next, 
t h e  relationship ABCD shows t h e  p o s s i b i l i t y  of g e t t i n g  a f e a s i b l e  
op t ima l  s o l u t i o n  by dec reas ing  both  2 5 ,  and 7 s imul taneous ly ,  2 , l  C 
though l t  causes  a tremendous i n c r e a s e  of  t h e  value  J ;  ( 1 )  because 
of t h e  n e c e s s i t y  of developing t e r t i a r y  t r e a t m e n t  p l a n t s .  F i n a l l y ,  
on the  s u r f a c e  AEFGB, t h e  i n c r e a s e s  of both  qS and n, 2,1  2 ,  , r e f l e c t  
a smal l  dec rease  of  t h e  value  J ; ( l ) .  I t  impl ies  t h a t  newly devel-  
oped water  r e s o u r c e s  exceed t h e  water  demand, and t h e  excess  of 
supp l i ed  water  r e s u l t s  i n  a smal l  improvement of water  q u a l l t y  i n  
t h e  r i v e r .  
I n v e s t i g a t i n g  t h e s e  r e s u l t s  of  t h e  t rade-off  r e l a t i o n s h i p s  
t o g e t h e r  wi th  t h e  s e t  of  opt imal  s o l u t i o n s  (a:, : 3:, ) , t h e  
d e c i s i o n  makers can s e l e c t  t h e  b e s t  s t r a t e g y  f o r  water  supply and 
t r ea tment  management f o r  t h e  f i r s t  p lanning s t a g e  from t h e  s e t  of 
Pareto-optimal s o l u t i o n s .  
5. 2 . 2 .  S o l u t i o n s  f o r  t h e  Long-Tzrm T l a n n i n g  ? r o b  l s m  
A f t e r  t h e  b e s t  water  management s t r a t e g y  i s  determined f o r  
n = 1 ,  it becomes p o s s i b l e  t o  seek t h e  s e t  of  Pareto-optimal 
s o l u t i o n s  f o r  n = 2,  and r e p e a t i n g  t h i s  procedure s e q u e n t i a l l y  
u n t i l  t h e  f i n a l  y e a r  of  t h e  p lanning pe r iod  i s  reached,  it be- 
comes p o s s i b l e  t o  i n v e s t i g a t e  t h e  long-term planning problem f o r  
water management systems.  
In  t h i s  paper ,  wi th  t h e  purpose of i n v e s t i g a t i n g  t h e  long- 
t e r n  p lanning problem, opt imal  s t r a t e g i e s  f o r  t y p i c a l  s c e n a r i o s  
a r e  compared. Defining each s c e n a r i o  by assuming 
and t a k i n g  q 2  ,n f o r  = 1 -!V a s  shown i n  Figure  1 1  , t h e  s e t  of 
opt imal  s o l u t i o n s  can be c a r r i e d  through t h e  whole 2 lanning per-  
iod.  The fol lowing a r e  d e t a i l e d  d e s c r i p t i o n s  o f t h e  va r ious  p o l i c y  
s c e n a r i o s :  
1 9 7 s  ' 8 0  ' 3 5  ' 3 0  ' 9 5  2000 
Year  
( a )  
Case - I i .  --
197;  ' R f l  5 ' 9 0  ' 9 5  !000 
Y e a r  
i b )  
Figure  1 1 .  D e f i n i t i o n  of each s c e n a r i o .  
No r e u s i n g  system of t e r t i a r y  t r e a t e d  waste  water  is con- 
s i d e r e d  i n  r eg ion  2 (i .  e .  , : = 0 ;  = 1 -!V) , and t h e  2 .n 
minimum necessa ry  water  r e s o u r c e  is s u p p l i e d  by developing 
new dams; t h a t  i s ,  t h e  Pare to-opt imal  s o i u t i o n  B i n  F igure  
10 is  chosen through t h e  whole p lann iag  pe r iod .  
Case I1 
I t  i s  assumed t h a t  botn q and is i n c r e a s e  l i n e a r l y  2 , n  2  ,n  
w i t h  r e s p e c t  t o  t h e  p lann ing  s t a g e  n .  
Case III 
I t  is assumed t h a t  n 2  i n c r e a s e s  l i n e a r l y  wi th  n ,  whi le  
, n 
, i s  determined by choosing one of t h e  Pare to-opt imal  
s o l u t i o n s  w i t h i n  t h e  l i n e  segment AE3 i n  F igure  1 0 .  
Case I V  
I t  is assumed t h a t  both  n - S and a 2 , *  i a c r e a s e  l i n e a r l y  
2 , n  
wi th  n where t h e  i n c r e a s i n g  r a t e  of 1 i s  g r e a t e r  than  
t h e  one of c a s e  11. 2  ,n  
- * 
I n  F igure  1 2 ,  comparisons of op t ima l  v a l u e s  of ;, ( n )  = 
'3. * 
.I J l ( i )  f o r  s e v e r a l  s c e n a r i o s  d e f i n e d  i n  F igure  1 1  a r e  i l l u s -  
.,=I 
- Ic 
t r a t e d .  The r e s u l t s  of  F iqure  12 show t h a t  t h e  v a l u e s  of  J , ( n )  
f o r  c a s e s  I and I 1 1  a r e  r e i a t i v e l y  low compared wi th  t h o s e  ' f o r  
c a s e s  I1 and I V .  I t  impl i e s  t h a t  i f  w e  can develop enough water  
r e s o u r c e s  i n  t h e  f u t u r e  a s  c a s e s  I and 111, t h e  necessa ry  c o s t  
f o r  wa te r  t r e a t m e n t  becomes low enough. I f  it i s  imposs ib le  t o  
develop enough wa te r  r e sources  i n  c a s e s  11 and IV, then  it be- 
comes necessa ry  t o  r e u s e  t o  a  c o n s i d e r a b l e  e x t e n t  t h e  t e r t i a r y  
t r e a t e d  waste water  t o  meet t h e  i n c r e a s i n g  wa te r  demand. A s  
shown i n  F igure  1 2 ,  no f e a s i b l e  s o l u t i o n  i s  o b t a i n e d  f o r  c a s e  11 
from 1985 caused by t h e  low i n c r e a s e  of q 2  a s  compared wi th  
t h e  c a s e  I V .  r n  
Figure  !3 shoys comparisons of op t ima l  s t r a t e g i e s  f o r  water  
t r ea tmen t  (aT . 3 T , n ;  n  = 1 - ! V )  f o r  c a s e s  I  and I V .  I n  F i g u r e  
, n '  
1 4 ,  t h e  aOD d e n s l t y  t o g e t h e r  wi th  t h e  environmenta l  con- 
h ,'I 
s t r a i n t  ,." 
m , n  
i s  i l l u s t r a t e d  f o r  t h e s e  c a s e s .  The r e s u l t s  of  
t h e s e  f i g u r e s  show t h a t  i t  i s  b e s t  t o  c o n s t r u c t  a t e r t i a r y  t r e a t -  
ment p l a n t  r a p i d l y  i n  r eg lon  2  f o r  c a s e  IV and t h a t  t h i s  w i l l  re-  
s u l t  i n  t h e  improvement of water  q u a l i t y  i n  t h i s  r eg ion .  
6 .  CONCLUSIONS 
I n  t h i s  s t u d y ,  f o u r  node l s  l i n k e d  h i e r a r c h i c a l l y  have been 
b u i l t  t o  suppor t  d e c i s l o n  making f o r  t h e  p lanning of water  supply  
and t r e a t m e n t  management of  a  r i v e r  b a s i n .  
Y e a r  
- * 
Figure 12. Comparison of J , i n )  calculated for several scenarios. 
I ,  i , I  ,------------ 
I , ,  
* * 
F i g u r e  1 3 .  Comparisons o f  o p t i m a l  s t r a t e g i e s  (afT 3 q , n )  f o r  
f o r  c a s e s  I and I V .  ,n' 
1975 ' 8 0  ' 9 0  2000 
Y e a r  
R e g i o n -  1 
. : I , ! ! , ,  - 
0 
1 9 7 5 ' 8 0  ' 3 0  2 0 0 0  
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Y e a r  
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01 I I 1 
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F i g u r e  1 4 .  BOD d e n s i t y  q T l n  c a l c u l a t e d  f o r  c a s e s  I and I V  and 
0 t h e  e n v i r o n m e n t a l  c o n s t r a i n t  y m r n .  
The major socioeconomic i n d i c a t o r s  t o  be c o n s i d e r e d  i n  a  
wa te r  management p r 0 ~ l e m  a r e  o b t a i n e d  from IRDPM, and t h e  wa te r  
demand and p o l l u t i o n  load  of BOD exhaus ted  i n  each r e g i o n  a r e  
e s t i m a t e d  by WDEM and MEBE, r e s p e c t i v e l y .  
F i n a l l y ,  a  water  management p l ann ing  model (IV'MPM) is  S u i l c  
by which t h e  o p t i m a l  p u b l i c  sewage t r e a t m e n t  s t r a t e g i e s  a r e  con- 
s i d e r e d  t o g e t h e r  w i t h  t h e  wa te r  supp ly  p lann ing .  I n  t h i s  model, 
c o n s i d e r i n g  t h e  f o r e s e e a b l e  s h o r t a g e  of  t h e  wa te r  r e s o u r c e ,  it 
is assumed t h a t  much-treated wa te r  from p u b l i c  t e r t i a r y  trea'tment 
p l a n t s  can be r eused  by p r e s e n t  i n d u s t r y .  I n  W M P M ,  t h e  problem 
is  fo rmula ted  a s  one of o p t i m i z a t i o n  w i t h  m u l t i o b j e c t i v e  func- 
t i o n s ,  and t h e  s e t  of  Pa re to -op t ima l  s o l u t i o n s  a r e  d e r i v e d  by 
adop t ing  t h e  p a r a m e t r i c  method i n  l i n e a r  programming. 
Through t h e  s tudy  f o r  t h e  Yodo r i v e r  b a s i n ,  i t  i s  a s c e r t a i n e d  
t h a t  much worthwhile in fo rma t ion  t o  s u p p o r t  d e c i s i o n  making f o r  
long-range wa te r  management can be o b t a i n e d  from t h e  h i e r a r c h i c a l  
node l  b u i l t  i n  t h i s  s t u d y .  
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ABSTRACT 
This paper p resen t s  a l i n e a r  programming nodel f o r  water  
resources  management i n  a r i v e r  bas in .  The bas in  and given plan- 
ning hor izon a r e  divided i n t o  subregions  and planning s t e p s ,  re-  
s p e c t i v e l y .  The po l icy  v a r i a b l e s  a r e  t h e  amount of.  water t o  be 
developed by c o n s t r u c t i n g  r e s e r v o i r s ,  and t h e  waste water  t h a t  
should be processed by primary, secondary,  o r  t e r t i a r y  t r ea tment  
p l a n t s .  These v a r i a b l e s  a r e  determined so  t h a t  they minimize t h e  
c o s t  t o  c o n s t r u c t  and o p e r a t e  t h e  f a c i l i t i e s .  The model was ap- 
p l i e d  t o  t h e  water resources  problems i n  t h e  Yodo r i v e r  bas in  i n  
Japan.  1 
. INTRODUCTION 1 
We a r e  concerned wi th  water  resources  nanagement problems 
i n  a h lgh ly  developed i n d u s t r i a l  region.  Water resources  i n  a 
reg ion  a r e  eva lua ted  g e n e r a l l y  from two a s p e c t s ,  t h a t  i s ,  from 
t h e  q u a n r i t y  and q u a l i t y  of the  resources .  Therefore  a g e n e r a l  
water r esources  management concerns two c l a s s e s  of problems. The 
f i rs t  c l a s s  inc ludes  problems r e l a t e d  t o  water  resources  develop- 
ment planning and c o n t r o l  of water q u a n t i t y  f o r  va r ious  purposes 
and the  second inc ludes  those  of water q u a l i t y  management. Since  
t h e  amount of water t h a t  is  a v a i l a b l e  a s  a resource  i s  c l o s e l y  
r e l a t e d  t o  water  q u a l i t y  of r i v e r s  and r e s e r v o i r s ,  water  q u a l i t y  
management i s  an important  p a r t  of comprehensive water resources  
nanagement. However, water q u a l i t y  management and water resources  
development a r e  u s u a l l y  discussed and c a r r i e d  o u t  independent ly .  
The two problems may be t r e a t e d  s e p a r a t e l y  i f  t h e  i n t e r a c t i o n s  
between them a r e  n e g l i g i b l e .  tiowever, t h e  water resources  
?roblams t h a t  we a r e  confronted  v l t h  1n.h1cjhly l n d u s t r l a l l z e d  and 
dense ly  popula ted  r e g l o n s  a r e  so  s e r i o u s  t h a t  p lannlng ?roblems 
of water  r e s o u r c e s  development w r l l  have no f e a s i b l e  solutions 
l f  t h e  problems a r e  no t  consrdered t o g e r h e r  wl th  a  water  q u a l l t y  
management program. 
The g e n e r a l  c h a r a c t e r i s t i c s  of  t h e  re( j ion  of o u r  concern  
a r e  a s  fo l lows .  
( i ) .  Growth of popu la t ion  and development o f  economic ac- 
t i v i t i e s  i n  t h e  r eg ion  a r e  supposed t o  c o n t l n u e  i n  t h e  f u t u r e  
a l though t h e  r eg ion  is a l r e a d y  h i g h l y  i n d u s t r i a l i z e d  and d e n s e l y  
popu la ted  a s  a  whole. 
( i i ) .  The e x i s t i n g  water  r e s o u r c e s  systems could  no t  s a t i s f y  
t h e  growing water  demands r e s u l t i n g  from t h e  popu la t ion  growth 
and economic development. However, t h e  p o s s i b i l i t y  of c o n s t r u c t -  
ing new dams o r  c a n a l s  is r e s t r i c t e d  i n  t h e  r eg ion .  There fo re  
o t h e r  water  u t i l i z a t i o n  systems should  be developed.  
(iii) . The e x i s t i n g  system of waste  water  t r e a t m e n t  must 
be expanded i n  o r d e r  t o  meet i n c r e a s i n g  p o l l u t i o n  l o a d s .  >lore- 
ove r  t h e  primary and secondary  t r e a t m e n t  w l l l  be i n s u f f i c i e n t  t o  
p reven t  t h e  d e t e r i o r a t i o n  of wa te r  q u a l i t y  of t h e  r i v e r s  of t h e  
r e s e r v o i r s .  There fo re  c o n s t r u c t i o n  of p l a n t s  f o r  t e r t i a r y  t r e a t -  
n e n t  of waste  wa te r  should  be t aken  i n t o  account  i n  t h e  f u t u r e  
water  q u a l i t y  management. 
The o b j e c t i v e  of  o u r  s tudy  i s  t o  c o n s t r u c t  a  system model 
i n  o r d e r  t o  o b t a i n  comprehensive water  r e s o u r c e s  management 
s t r a t e g i e s  i n  a  r i v e r  b a s i n  wi th  t h e  f e a t u r e s  s t a t e d  above. The 
model is a  l i n e a r  one and t h e  l i n e a r  programming approach is 
adopted t o  d e c i d e  p o s s i b l e  s t r a t e g i e s .  The l i n e a r  programming 
model (LP model) i s  used p r i m a r i l y  because it is t h e  most e a s i l y  
a c c e s s i b l e  one. Nore r e f i n e d  o p t i m i z a t i o n  t e c h n i q u e s  might be 
p o s s i b l e :  such t e c h n i q u e s ,  however, a r e  s i g n i f i c a n t  o n l y  when 
s o l i d  systems models a r e  a v a i l a b l e .  But such l a r g e - s c a l e d  and 
complex systems a s  water  r e sources  ones i n c l u d e  i n e v i t a b l y  v a r i -  
ous  k inds  of  u n c e r t a i n t i e s  i n  systems s t r u c t u r e ,  i n  i n p u t  d a t a  
and i n  parameter  v a l u e s .  Although t h e  LP model i s  very  s i m p l i -  
f i e d  it  i s  compat ib le  wi th  our  knowledge of t h e  r e a l  systems and 
a v a i l a b l e  d a t a .  And t h e  model can provide  u s  wi th  v a l u a b l e  i n -  
format ion f o r  f u r t h e r  d e t a i l e d  s t u d i e s  of t h e  problems. 
The g e n e r a l  node1 i s  a p p l i e d  t o  t h e  r e g i o n  o f  our  conce rn ,  
t h a t  i s ,  t o  t h e  Yodo r i v e r  b a s i n  i n  Japan.  I n  t h i s  r e p o r t ,  f i r s t  
t h e  problems and t h e  assumptions on modeling a r e  s t a t e d ,  t h e n  t h e  
inathemdtical  fo rmula t ion  of t h e  system is p r e s e n t e d .  The l a s t  
p a r t  of t h e  r e p o r t  is  devoted t o  i l l u s t r a t i o n s  with some numeri- 
c a l  examples. 
2 .  THE PROBLEM 
Let u s  suppose t h a t  t h e  o b j e c t i v e  bas in  i s  d i v i d e d  i n t o  .Y 
subreg ions  from t h e  topograph ica l  p o i n t  of vrew and t h a t  t h e  
g iven  planning hor i zon  is  d i v i d e d  i n t o  .V s t a g e s .  In  o r d e r  t o  
t o  s t a t e  t h e  problem definitely some assumpt ions  must be made. 
The b a s i c  assumpt ions  a r e  a s  f o l l o w s :  
( i ) .  The amount o f  wa te r  demands and t h a t  of  p o l l u t i o n  
l o a d s  a r e  e s t i m a t e d  i n  each  s u b r e g i o n  d u r i n g  t h e  p l ann lng  h o r i -  
zon. 
( i i ) .  New water  r e s o u r c e s  must be developed i n  o r d e r  t o  
meet t h e  i n c r e a s i n g  wa te r  demands. However, t h e  amoun t .o f  wa te r  
which can  be developed by t h e  c o n s t r u c t i o n  of  new r e s e r v o i r s  i s  
s o  r e s t r i c t e d  t h a t  h i g h l y  t r e a t e d  wa te r  must be r eused  f o r  indus-  
t r y .  
( i i i ) .  Not o n l y  t h e  pr imary  and t h e  secondary  t r e a t m e n t  of  
was te  wa te r  b u t  a l s o  t e r t i a r y  t r e a t m e n t  is r e a l i z a b l e  t e c h n o l o g i -  
c a l l y  a t  e v e r y  p l ann ing  s t a g e .  And t h e  t e r t i a r y  t r e a t m e n t  is d i s -  
t i n g u i s h e d  from t h e  secondary  one by i ts  h i g h e r  removal r a t e  of 
p o l l u t a n t s ,  which a r e  r e p r e s e n t e d  by BOD. 
( i v ) .  The i n d u s t r i a l  and mun ic ipa l  wa te r  t h a t  is  used  i n  a  
s u b r e g i o n  is d i s c h a r g e d  i n t o  t h e  same s u b r e g i o n  th rough  t r e a t -  
ment p l a n t s  o r  d i r e c t l y .  The c o n s t r u c t i o n  of  c a n a l s  t h a t  connec t  
two s u b r e g i o n s  is n o t  c o n s i d e r e d .  
( v ) .  The d a i l y  and monthly p e r t u r b a t i o n s  o f  f low r a t e s  and 
wa te r  q u a l i t y  of r l v e r s  do n o t  conce rn  us .  The averaged 275-day 
f low r a t e  of  a r each  ( t h e  r e a l  f l ow r a t e  is  g r e a t e r  t h a n  t h i s  
v a l u e  a t  p o i n t s  d u r i n g  t h e  2 7 5  d a y s )  i s  assumed t o  be c o n s t a n t  
d u r i n g  t h e  whole p l ann ing  p e r i o d .  I n  o t h e r  words w e  assume t h a t  
t h e  r i v e r  f low is t i m e - i n v a r i a n t  w i t h  r e s p e c t  t o  t h e  275-day f low 
r a t e .  
Under t h e s e  fundamental  assumpt ions  t h e  problem o f  w a t e r  r e -  
s o u r c e s  management can  be s t a t e d  a s :  d e t e r m i n e  t h e  wa te r  q u a n t i t y  
t o  be developed and t h e  amount of  BOD t o  be t r e a t e d  by pr imary  
and secondary  t r e a t m e n t  p l a n t s  o r  t e r t i a r y  ones  a t  t h e  < t n  p lan-  
n ing  s t a g e  i n  t h e  j t h  sub reg ion  ( i = l  , . . . ,J; j = l  , . . . ,.Y) s o  t h a t  
t h e y  meet w a t e r  demands and w a t e r  q u a l i t y  c o n s t r a i n t s  and t h a t  
t h e y  minimize c o s t s  of c o n s t r u c t i n g  new f a c i l i t i e s  and o p e r a t i n g  
them. 
Flows o f  wa te r  i n  each  sub req ion  a r e  shown i n  F i g u r e  1 .  
3 .  L'IATHEMATICAL FORMULATIONS 
3 . 1 .  Nota t ion  
The s u b s c r i p t s  : and of t h e  f o l l o w i n g  c o n s t a n t s  o r  v a r i -  
a b l e s  d e n o t e  t h e  i t h  p l ann ing  s t a g e  o r  t h e  j t h  s u b r e g i o n ,  respec-  
t i v e l y .  
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Figure  1 .  F l o w  diagram i n  a subregion.  
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Cons can t a  
3 2  - removal r a t i o  of BOD by primary and secondary waste 
water t r e a t m e n t  
53  - removal r a t i o  by t e r t i a r y  t r ea tment  
04 - c o e f f i c i e n t  of s e l f - p u r i f i c a t i o n  of p o l l u t a n t s .  
We assume t h a t  the  whole b a s i n  is div ided  i n t o  subreg ions  
s o  t h a t  on ly  one t r i b u t a r y  o r  one reach of t h e  main r i v e r  i s  i n  
each subregion.  For s i m p l i c i t y  t h e  t r i b u t a r y  o r  t h e  reach i n  
t h e  k th  reg ion  i s  c a l l e d  t h e  k th  reach  of t h e  main r i v e r .  When 
t h e  k t h  reach is  one of t h e  upper r eaches  o r  t h e  upper t r i b u t a r -  
i e s  of t h e  2 th  one then we w r i t e  k > >  ?- ( o r  k 2 2 f o r  2 > >  ?- 
o r  k = k). 
3 . 2 .  Water Demand C o n s t r a i n t s  
The municipal  and a g r i c u l t u r a l  water demands i n  a  subreg ion  
must be s a t i s f i e d  by t h e  c o n s t r u c t i o n  of dams i n  t h e  upper r e -  
g ions .  There fo re  
where t h e  l e f t -hand  s i d e  r e p r e s e n t s  t h e  water demands i n  t h e  j t h  
and i ts  upper r eg ion  and t h e  r ight-hand s i d e  r e p r e s e n t s  t h e  a v a i l -  
a b l e  water q u a n t i t y  i n  t h e  same r e g i o n s  a t  t h e  i t h  p lannlng s t a g e .  
Since  we assume t h a t  t h e  i n d u s t r i a l  water  can be supp l i ed  by t e r -  
t l a r y  t r e a t m e n t  p l a n t s ,  t h e  f  ol lowing c o n s t r a i n t s  must be s a t i s -  
f i e d  wi th  r e s p e c t  t o  t h e  t o t a l  water  demand: 
3 . 3 .  Water Q u a l i t y  C o n s t r a i n t s  
From t h e  mass balance  r e l a t i o n  of aOD i n  a  reach we have 
where deno tes  t h e  amount of BOD f lowing i n t o  t h e  J t h  reach  
- ;,or. - t h e  upper r eacnes .  Ths l e f t -hand  s i c k  r e p r e s e ~ i t s  aOD t h a t  
flows o u t  of t h e  j t h  reach and t h a t  e l imina ted  because of t h e  
s e l f - p u r i f i c a t i o n  e f f e c t  i n  t h e  reach.  From assumption ( v )  i n  
s e c t i o n  2 we have t h a t  t h e  flow r a t e s  Qij do not  depend on i ,  
hence 
- 
3 ; ;  can be c a l c u l a t e d  from t h e  preceeding r e l a t i o n s  l n  ( 3 ;  when 
t p e  water q u a l i t y  of t h e  o r i g i n s  of t h e  t r i b u t a r i e s  a r e  given.  
The amount of BOD e f f l u e n t  i n t o  t h e  j t h  reach is expressed a s  
fol lows:  
The water q u a l i t y  c a l c u l a t e d  from equa t ions  ( 3 )  and. ( 4 )  must 
s a t i s f y  t h e  water q u a l i t y  s t andards  
L The i n e q u a l i t i e s  (5) a r e  l i n e a r  c o n s t r a i n t s  wi th  r e s p e c t  t o  1; ;  
3 * d  
and K, , '
" .J 
3 . 4 .  Other C o n s t r a i n t s  
The water  q u a n t i t y  t h a t  can be developed by t h e  c o n s t r u c t i o n  
of reservoirs i s  bounded 
A 1 1  t h e  o t h e r  v a r i a b l e s  must be nonnegat ive ,  i . e . ,  
The t rea tment  r a t i o  of waste water r e p r e s e n t s  t h e  cover ing r a t e  
of sewerage systems: 
The increment of t h i s  r a t i o  i n  one plannlng s t a g e  i s  Sounded be- 
cause of budgetary c o n s t r a i n t s :  
3 . 5 .  Objec t ive  Functions 
The o b j e c t i v e  f u n c t i o n  i s  t h e  t o t a l  sum of t h e  c o s t  t o  con- 
s t r u c ,  dams and waste t r ea tment  p l a n t s ,  t h e  c o s t  of expanding pub- 
l i c  sewerage systems, and t h e  opera t ing  c o s t s  of t r ea tment  p l a n t s .  
Theref o r e  
DI 2 3 s i n c e  .?t = ( l/Vl j ) (2<; + i,. ;) , t h e  f  unc t lon  i s  l i n e a r  i n  t h e  
.U 
1 2 3 
v a r i a b l e s  2 .  ., 8 . .  and 8,. . ,  t h a t  i s  
Z J  Z J  - J 
where A !  i s  t h e  c o s t  of developing u n i t  volume of  f r e s h  water  
zj ? 
by c o n s t r u c t i n g  dams, f l f J  i s  t h e  secondary t r ea tment  c o s t  pe r  
u n i t  volume of  waste wa te r ,  which i n c l u d e s  t h e  c o s t  of c o n s t r u c t -  
? 
lng  3 l a n t s  and expanding sewerage systems,  and A,:; 1s t h e  t e r t l a r y  
t r ea tment  c o s t  inc lud ing  t h e  c o s t  of  c o n s t r u c t i n g  p l a n t s  and of 
expanding sewerage systems.  
3 . 6 .  Summary 
V a z z r  Demand C o n s s r a i n t s  
x f .  > 0 
L J  - 
3 x . .  2 0 
L J  
4 .  APPLICATION TO THE YODO R I V E R  BASIN 
Let us  apply  t h e  g e n e r a l  model desc r ibed  i n  t h e  preceeding 
s e c t i o n s  t o  t h e  Yodo r i v e r  bas ln ;  one of t h e  most h igh ly  urban- 
i zed  reg ions  of Japan.  
4 . 1 .  Assumptions 
(i). The whole r e g i o n  is div ided  i n t o  t h e  fo l lowing  f i v e  
subreg ions  ( F i g u r e  2 )  : 
1 .  The lower reaches  of t h e  Katsura r i v e r  and t h e  Kamo 
r i v e r  
2 .  The U j i  r i v e r  
3. The lower reaches  of t h e  Kizu r i v e r  
4 .  The upper r eaches  of t h e  Yodo r i v e r  
5. The lower reaches  of t h e  Yodo r i v e r  
( i i ) .  The planning hor izon is 2 0  y e a r s  from 1973 t o  1993. 
One planning s t a g e  is f i v e  y e a r s ,  s o  t h a t  t h e  whole pe r iod  i s  
made up of f o u r  s t a g e s .  
( i i i) .  The development of water  r e sources  by dams i s  pos- 
s i b l e  on ly  i n  t h e  upper reaches  of reach 1 ,  2 and 3 .  xi (j = i , 
2 , 3 )  denote  t h e  ? o s s i b l e  amounts of water  t h a t  could  be developed 
i n  t h e  r e s p e c t i v e  upper reaches .  x ( j  = 4 , 5 )  a r e  equal  t o  ze ro .  j 
( i v ) .  The water  q u a l i t y  of r i v e r s  t h a t  flow i n t o  reach 1 ,  
2 and 3  is cons ide red  t o  be c o n s t a n t  dur ing  t h e  p lanning hor izon.  

4 . 2 .  Es t ima tes  of  Water Demand 
FIunicipal  wa te r  demand i n  t h e  j t h  r e g i o n  a t  t h e  i t h  p l a n n i n g  
s t e p  is e s t i m a t e d  a s  fo l lows :  
where P i j  is t h e  p o p u l a t i o n  of  t h e  j t h  r e g i o n  a t  t h e  l a s t  y e a r  o f  
t h e  i t h  s t a g e ,  and aij and h i  a r e  c o n s t a n t s  which a r e  i d e n t i f i e d  
by t h e  t r e n d s  o f  t h e  p receed lng  y e a r s  ( F i g u r e  3 ) .  The 2 o p u l a t i o n  
growth i s  e v a l u a t e d  from g e n e r a l  t r e n d s  i n  each  sub reg lon  ( F i g u r e  
4). The e s t i m a t e d  demands a r e  shown i n  Tab le  1 .  
4 . 2 . 2 .  Industrial Wazer Demand 
The i n d u s t r i a l  w a t e r  demand i n  each  sub reg ion  is  e s t i m a t e d  
from t h e  t r e n d s  i n  p receed ing  y e a r s  a s  shown i n  Tab le  2 .  
4 . 2 .  3 .  S g r i c x L z u r a L  Waaer Demand 
The a g r i c u l t u r a l  a r e a  i n  t h e  b a s i n  i s  d e c r e a s i n g  e v e r y  y e a r .  
T h i s  tendency is assumed t o  c o n t i n u e  th rough  t h e  p l a n n i n g  h o r i z o n .  
The e s t i m a t e d  w a t e r  demands a r e  shown i n  Tab le  3  where t h e  de- 
c r e a s e  of a g r i c u l t u r a l  a r e a  i s  assumed t o  be 10 p e r c e n t  p e r  f i v e  
y e a r  p e r i o d .  
4.3.  E s t i m a t e s  of  P o l l u t i o n  Loads 
The method of g e n e r a t i o n  f a c t o r s  [ 1 ] is used i n  o r d e r  t o  
e s t i m a t e  BOD g e n e r a t e d  i n  a r s g i o n .  I n  o t h e r  words,  t h e  amount 
of BOD is assumed t o  be p r o p o r t i o n a l  t o  t h e  p o p u l a t i o n  and quan- 
t i t y  of i n d u s t r i a l  p r o d u c t s  i n  t h e  r eg ion .  BOD d i s c h a r g e d  from 
a g r i c u l t u r a l  o r  f o r e s t  a r e a  is n o t  t aken  i n t o  accoun t  s i n c e  i t s  
p e r t u r b a t i o n  can  be c o n s i d e r e d  t o  be s m a l l .  
4 . 4 .  An Example of  Xumerical R e s u l t s  
The v a l u e s  of some impor t an t  pa rame te r s  used i n  t h e  c a l c u l a -  
t i o n  a r e  summarized i n  Tab le  4 .  The c o e f f i c i e n t s  used  f o r  t h e  
o b j e c t i v e  f u n c t i o n  a r e  g i v e n  i n  Tab le  5 .  I n  t h i s  c a s e  t h e  t e r -  
t i a r y  t r e a t m e n t  of w a s t e  wa te r  i s  n e c e s s a r y  i n  t h e  l a s t  p l a n n i n g  
s t a g e  i n  t h e  t h i r d  r eg ion .  The t r e a t m e n t  r a t i o s  3,;; of each  re-  
g i o n  a r e  shown i n  Tab le  6 .  
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SUMMARY OF THE DISCUSSION 
J .  Kacprzyk 
The d i s c u s s i o n  on l and  use and i n f r a s t r u c t u r a l  p lanning 
models focused on t h e  r e l a t i o n  between t h e  t r a n s i t i o n  of t h e  
Japanese  s o c i e t y  t o  a  s e r v i c e  s o c i e t y  and t h e  l e v e l  o f  i n v e s t -  
ments r e q u i r e d .  Some p o s s i b l e  impacts  of  a  lower i n v e s t ~ e n t  
requirement  i n  a  s e r v i c e  s o c i e t y  were mentioned. Xoreover,  
t h e r e  were some d e f i n i t i o n a l  q u e s t i o n s  r a i s e d  a s  t o  t h e  p a r t i -  
t i o n i n g  of economic a c t i v i t i e s  i n t o  s e c t o r s .  
A s  t o  models of s o c i a l  e v a l u a t i o n ,  t h e  d i s c u s s i o n  concen- 
t r a t e d  on t h e  s o c i a l  i n d i c a t o r s  r e f l e c t i n g  t h e  w e l l  being of 
people.  I n  t h i s  s e t t i n g ,  t h e  problem of r e l a t i o n s  between t h e  
s i t u a t i o n  p e r c e p t i o n  by i n h a b i t a n t s  and by p o l i t i c i a n s  o r  in-  
f  l uence  groups  should  be s t u d i e d ,  s i n c e  no s a t i s f a c t o r y  s o l u t i o n  
is a t t a i n a b l e  o the rwise .  Noreoever,  it was i n d i c a t e d  t h a t  va lue  
assessment  by people i s  probably  a  l e a r n i n g  p rocess .  
Owing t o  t h e  p a r t i c u l a r  importance of water  problems f o r  
t h e  Kinki r eg ion  and t h e i r  i n t e g r a t i n g  power, they drew s p e c i a l  
a t t e n t i o n .  
F i r s t ,  t h e  problems of modeling and f o r e c a s t i n g  water  de- 
mand a r e  of  p a r t i c u l a r  i n t e r e s t .  The p r i c e s  f o r  water  i n f l u e n c e  
t o  a  l a r g e  e x t e n t  n o t  on ly  water  demand bu t  a l s o  some s t r u c t u r a l  
changes,  because it may be sometimes economically more r easonab le  
t o  apply  a  new water-saving technology than more water  t r e a t m e n t .  
The e f f i c i e n c y  of wa te r  use  should  be ,  however, more s t r i c t l y  
de f ined .  
The r e l a t i o n s  and mutual dependences between t h e  wa te r  de- 
mand and governmental 2 o l i c i e s  were t h e  nex t  t o p i c  of d i s c u s s i o n .  
Moreover, t h e  water  demand problem was seen a s  s t r o n g l y  connected  
wi th  t h e  wa te r  q u a l i t y  problem. One of t h e  impor tant  i s s u e s  i n  
water-demand modeling and f o r e c a s t i n g  should  be t a k i n g  i n t o  ac- 
count  e x i s t i n g  u n c e r t a i n t r e s .  
For an adequate and meaningful a n a l y s i s  of t h e  problem con- 
s i d e r e d ,  one should go down t o  t h e  l e v e l  of i n d i v i d u a l  water-use  
activities, e . g . ,  a  s i n g l e  i n d u s t r i a l  p l a n t ,  farm, o r  household.  
Such an approach is a l s o  reasonab le  because water  demand i s  
s t r o n g l y  coupled wi th  t h e  energy demand; i n  g e n e r a l ,  i f  water  
demand d e c r e a s e s ,  energy demand i n c r e a s e s .  The a n a l y s i s  of t h i s  
t rade-off  a t  t h e  r e g i o n a l  l e v e l  w i l l  probably be t o o  compl icated,  
s o  a lower i n d i v i d u a l  u s e r  l e v e l  is ? r e f e r a b l e .  
The d i s c u s s i o n  a l s o  covered problems concerning t h e  way of 
f i t t i n g  d e t a i l e d  water-demand models i n t o  an i n t e g r a t e d  r e g i o n a l  
model and of how t o  use  t h ~ s  d e t a i l e d  in fo rmat ion  i n  a g l o b a l  
p o l i c y .  
I t  was s t r e s s e d  t h a t  due a t t e n t i o n  should a l s o  be pa id  t o  
water-supply and water-resources-management problems. Emerging 
c o n f l i c t  i s  one of t h e  important  i s s u e s  a r i s i n g  i n  water  u t i l i z -  
a t i o n .  For handl ing i t ,  game theory  p rov ides  an  adequate t o o l .  
One shou ld ,  however, pay a t t e n t i o n  t o  p roper  i d e n t i f i c a t i o n  of 
c o a l i t i o n  s t r u c t u r e s ,  c o s t  a l l o c a t i o n ,  s t a b i l i t y  of marginal  
c o s t s  f o r  wa te r ,  e t c .  
The d i s c u s s i o n  showed a l s o  t h a t  t h e  use  of u t i l i t y  f u n c t i o n s  
f o r  s o l v i n g  some water  problems is commendable. The advantages  
of i n t e r a c t i v e  approaches were a l s o  s t r e s s e d .  

P a r t  VI 
METHODS 
A .clULTIOJBECTIVE MATHEMATICAL PROGRAMMING METHOD 
APPLIED TO SOCIAL P L A N N I N G  PROBLGYS 
Y .  Nishikawa, N .  Sannomiya, A. Udo, and T .  Takehara 
3epar t rnen t  of C' ,actr<caL Z n q i n e e r i n g ,  ;i 'yoto U n i v e r s i z y ,  
l y  o t o ,  Japan  
The f i r s t  p a r t  of t h e  paper d i s c u s s e s  a  g e n e r a l  concept and 
t h e  a u t h o r s '  fundamental a t t i t u d e  toward r e g i o n a l  land-use plan- 
ning and i t s  methodological  foundat ion.  
The second ? a r t  develops  an i n t e r a c t i v e  method f o r  mul t i -  
o b j e c t i v e  d e c i s i o n  naking and o p t i n l z a t i o n  s t a r t i n g  wi th  a  model 
of t h e  l i n e a r  programming t-e. The l i n e a r  p r o g r a m i n g  model 
i n c l u d e s  on ly  one o b j e c t i v e  t o  be ninimized ( o r  maximized) and 
s e v e r a l  c o n s t r a i n t  i n e q u a l i t i e s .  Among t h e s e  c o n s t r a i n t s ,  some 
could  be a l t e r e d  t o  some e x t e n t  by t h e  p l a n n e r ' s  i n t e n t i o n ,  so  
they a r e  c a l l e d  t h e  s o f t  c o n s t r a i n t s .  Relaxing t h e  s o f t  con- 
s t r a i n t s  u s u a l l y  r e s u l t s  i n  improving t h e  o b j e c t i v e  v a l u e ;  then 
it g e n e r a t e s  a  kind of t r a d e - o f f .  I n  our  method we s t a r t  wi th  
an a b j e c t i v e  z o d e l ,  i n s t e a d  af s e t t i n q  - u l t i > b j e c t i v s s  2: =he 
a u t s e c ,  and t r y  t o  f l n d  a  301nc of s a t i s r a c t o r y  cornpromlse be- 
tween a t t a i n i n g  t h e  o b j e c t i v e  and t h e  requirement of s a t i s f y i n g  
t h e  c o n s t r a i n t s .  This  avo ids  unnecessary concep tua l  and compu- 
t a t i o n a l  complexity.  The a lgor i thm f o r  d e c i s l o n  makinq uses  t h e  
idea  of s u r r o g a t e  worth t r a d e - o f f .  
The t h i r d  p a r t  a p p l i e s  i h e  nethod t o  two r e a l  examples. 
The f i r s t  example is  concerned wi th  optimum land-use ? lanning i n  
a r u r a l  r eg ion  of Japan.  The second example developes  a  macro- 
r e g i o n a l  model des igned t o  s imula te  t h e  e f f e c t  of s o c i a l  p o l i c y  
making and p u b l i c  p re fe rence  under some socioeconomic c o n s t r a i n t s .  
1 . INTRODUCTION 
Bas ic  t a s k s  i n  app ly ing  a  sys tems approach t o  a  r e g i o n a l  
p lanning problem a r e ,  f i r s t ,  t o  c l a r l f y  an a c t u a l  s t r u c t u r e  of 
t h e  r e g i o n  under c o n s i d e r a t i o n ,  second,  t o  i d e n t l f y  g o a l s  and 
o b j e c t i v e s  of  t h e  r e g i o n a l  development,  and t h i r d ,  t o  c o n s t r u c t  
a  mathemat ica l  model s u ~ t a b l e  f o r  probiem ~ n v e s t i g a t i o n .  
A g o a l  s t r u c t u r e  should  r e f l e c t  v a r i o u s  a s p e c t s  of  t h e  re- 
g i o n a l  requi rements  i n c l u d i n g  economical  growth,  i n d u s t r i a l l z a -  
t i o n ,  a g r i c u l t u r a l  development,  envi ronmenta l  enhancement, and 
so  f o r t h .  Such a  g o a l  s t r u c t u r e  could  f i n a l l y  be summarized 
and r e f l e c t e d  by t h e  p h y s i c a l  s t a t u s  of l and  u s e  w i t h i n  t h e  re- 
g i o n .  I n  a  whole view of r e g i o n a l  p l a n n i n g ,  t h e  p l ann ing  o f  t h e  
above mentioned g o a l  s t r u c t u r e  would be c a l l e d  "nonphys ica l  p lan-  
n i n g , "  which i m p l i e s  i n  a  wide sense  t h e  s o c i a l  and economical  
p lanning i n  t h e  a s s o c i a t e d  r e g i o n .  I f  we t h i n k  abou t  t h e  a c t u a l  
s i t u a t i o n  of  u rban  o r  r u r a l  r e g i o n a l  p l ann ing  i n  Japan ,  t h e  de- 
velopment of  new sys tems methodologies  f o r  t h e  nonphys ica l  p lan-  
n ing  is badly  needed. 
T h i s  pape r  tries t o  respond t o  such  a need by proposing a  
method f o r  m u l t i o b j e c t i v e  p l ann ing .  An e x t e n s i o n  of  t h e  mathe- 
m a t i c a l  programming concept  i s  i n v e s t i g a t e d .  S i n c e ,  among v a r i -  
ous  mathemat ica l  programmings, l i n e a r  programming i s  most wide ly  
used ,  t h e  p r e s e n t  d i s c u s s i o n  g i v e s  it s p e c i a l  r e g a r d .  
The paper  c o n s i s t s  of  t h r e e  p a r t s .  The f i r s t  p a r t  d i s c u s s e s  
a  g e n e r a l  concept  and t h e  a u t h o r s '  fundamenta l  a t t i t u d e  toward 
r e g i o n a l  land-use p lanning and i ts methodologica l  founda t ion .  
The second p a r t  develops  an i t e r a t i v e  procedure  f0.r  a  coupled  
model m o d i f i c a t i o n  and p r e f e r e n c e  s e a r c h .  Our procedure  starts 
w i t h  a  c o n v e n t i o n a l  l i n e a r  programming node l  c o n s i s t i n g  of  a  
s i n g l e  o b j e c t i v e  and s e v e r a l  c o n s t r a i n t s .  The c o n s t r a i n t s  i n  t h e  
node l  c a n  u s u a l l y  be c l a s s i f i e d  i n t o  two g r o u p s ,  i . e . ,  ha rd  ( n o t  
r e l a x a b l e )  c o n s t r a i n t s  and s o f t  ( r e l a x a b l e )  c o n s t r a i n t s .  A hard  
c o n s t r a i n t  is r i g i d l y  f i x e d  by p h y s i c a l  o r  o t h e r  r e a s o n s ,  s o  
t h a t  i t  cannot  be a l t e r e d  by human i n t e n t i o n .  A s o f t  c o n s t r a i n t  
is set accord ing  t o  human i n t e n t i o n ;  hence it can be s t r e n g t h e n e d  
o r  r e l a x e d  t o  some e x t e n t .  The r e l a x a t i o n  of s o f t  c o n s t r a i n t s  
. , -  uall:; y l e l d s  a 5ec=zr  ob;ecz~vs v a i u e ,  2-c a s n s z q u e n t l ~ -  aiiows 
a kind o f  t r a d e - o f f .  
I n  t h e  proposed method we s ta r t  w i t h  a  one -ob jec t ive  l i n e a r  
programming model i n s t e a d  of s e t t i n g  m u l t i o b j e c t i v e s  st t h e  ou t -  
s e t ,  and,  i n  t h e  succeeding p rocedure ,  t r y  t o  f i n d  a  p r e f e r r e d  
p o i n t  of compromise between t h e  a t t a i n m e n t  o f  t h e  o r i g i n a l  ob- 
j e c t i v e  and requi rements  of t h e  s o f t  c o n s t r a l n t s .  T h i s  is ad- 
vantageous  i n  t h e  sense  t h a t  it can avoid  unnecessary  concep tua l  
and computa t ional  complexi ty .  The a l g o r i t h m  of t h e  i t e r a t i v e  
s e a r c h  f o r  t h e  p r e f e r r e d  p o i n t  u t i l i z e s  t h e  i d e a  o f  t h e  s u r r o g a t e  
worth t r ade -o f f  ne thod [ 1 ] . 
I n  o r d e r  t o  demons t ra t e  t h e  3 r a c t i c a b i l i t y  of  o u r  method, 
we have g iven  i n  t h e  t h i r d  p a r t ,  an  example of a p p l i c a t i o n  t o  
o p t h u m  land-use planning i n  a  r e a l  r u r a l  r eg ion  i n  Japan.  This 
ex?er imenta l  use has been s u c c e s s f u l  and has  y ie lded  significant 
suggestions f o r  t h e  r a t l o n a l  a g r i c u l t u r a l  p lanning of t h e  reg ion .  
The method i s  a l s o  a p p l i e d  t o  a  macroregional  model which 
i s  developed t o  s imula te  t h e  e f f e c t  of a d m i n i s t r a t i v e  s t r a t e g y  
and p u b l i c  p re fe rence  under some socioeconomic c o n s t r a i n r s .  Our 
method proves t o  be a  f l e x i b l e  t o o l  t o  suppor t  s o c i a l  d e c i s i o n  
making . 
2 .  LYETHODOLOGICAL SIGNIFICANCE OF A MULTIOBJECTIVE APPROACS T O  
LAND-USE PLANNING 
A meaningful  systems methodology, which i s  sound i n  theory  
and i n  p r a c t i c e  a s  w e l l ,  would be genera ted  on ly  through a t t empts  
t o  apply  it t o  a  v a r i e t y  of r e a l  world problems. Th i s  s t a t ement  
is e s p e c i a l l y  t r u e  i n  t h e  systems approach t o  s o c i e t a l  sys tems,  
because our  s o c i e t y  is  much more compl icated both  i n  i ts  s t m c -  
t u r e  and i n  i t s  goa l  than  a lmost  any o t h e r  system (such a s  an 
eng ineer ing  product ion system o r  an i n d u s t r i a l  management s y s t e m ) .  
A s  t h e  r e g i o n a l  land-use s t a t u s  summarizes and r e f l e c t s  a l l  t h e  
s o c i a l  needs and a c t i v i t i e s  of people  concerned wi th  t h e  r e g i o n ,  
r e g i o n a l  land-use planning is a  t y p i c a l  s o c i e t a l  p lanning prob- 
lem. Human a c t i v i t y  w i t h i n  t h e  r e g i o n  is s u b j e c t  t o  c e r t i n  l i m i t s  
of v a r i o u s  n a t u r a l  r e sources  e x i s t i n g  i n  t h e  reg ion .  I t  i s  neea- 
l e s s  t o  say t h a t  land i s  one of t h e  most important  n a t u r a l  re-  
sources ,  which is heav i ly  c h a r a c t e r i z e d  by i t s  time h i s t o r y  and 
l i m i t  i n  space .  Under t h e s e  l i m i t a t i o n s ,  t h e  p r i n c i p a l  aim of 
r e g i o n a l  p lanning is  t o  c r e a t e  o r  r e c r e a t e  a  f a v o r a b l e  balance  
between human a c t i v i t y  and t h e  use of n a t u r a l  r e sources .  
I n  na themat ica l  terms,  t h e  l i m i t a t i o n  and balance  r u l e  of 
human e x i s t e n c e  could be d e s c r i b e d  a s  fo l lows :  
where z i s  a  v e c t o r  whose components show l e v e l s  of v a r i o u s  human 
activities, and 5 1s a  v e c t o r  whose components i n d i c a t e  u s a b l e  
amounts of r e sources  w i t h i n  t h e  reg ion .  Elements of t h e  mat r ix  
A r e p r e s e n t  demands f o r  r e sources  pe r  u n l t  of human a c t i v i t y .  
I f  we ? i c k  o u t  a  p a r t l c u i a r  Xind o r  r e s o u r c e ,  say t n e  one 
a s s o c i a t e d  wi th  t h e  f i r s t  row of .A, we want t o  minimize i t s  con- 
sumption under l i m i t a t i o n s  of t h e  o t h e r  r e s o u r c e s ,  t h e  problem 
w i l l  be reformulated i n t o  
s u b j e c t  t o  
where 3 ,  denotes  t h e  f i r s t  member of 5 and 2 ,  denotes  t h e  first 
row of v e c t o r  4 .  The i n e q u a l i t y  above describes t h e  l i m i t a t i o n  
and balance  r u l e  f o r  r e sources  o t h e r  than t h e  f i r s t  one.  The 
above model i s  of a  common l i n e a r  program type  wi th  o b j e c t i v e  
5 1  and wi th  t h e  i n e q u a l i t y  forming t h e  c o n s t r a i n t  [ 2 ] .  I t  i s  t o  
be noted t h a t  t h e  value  of t h e  o b l e c t i v e  5 1  is not  p r e s c r i b e d  
but  is  s u b l e c t  t o  change, because it i s  determined by opt imiza-  
t i o n  s u b j e c t  t o  t h e  c o n s t r a i n t .  
I f  we pick o u t  more than one kind of r e source  f o r  in- * nlmrza- 
t i o n ,  a  model w i l l  be of t h e  m u l t i o b j e c t r v e  l i n e a r  program type.  
Most of r e a l  r e g i o n a l  p lanning proolems, i f  they f i t  t h e  r e a l r t y ,  
would be formulated i n t o  t h i s  type  of model. A d i f f i c u l t y  a r i s e s  
i n  m u l t i o b j e c t i v e  programs: a t t a i n i n g  a  w e l l  balanced opt imiza-  
t i o n  among noncommensurable g o a l s .  Balanced o p t i m i z a t i o n  of t h e  
o b j e c t i v e s  can be a t t a i n e d ,  i f  we look back t o  Ax - b ( 0 ,  uy a 
good cho ice  of v a l u e s  of components of 5 ,  which might be a l t e r e d  
by human i n t e n t i o n .  Furthermore,  t h e  components which make t h e  
c o n s t r a i n t s  a c t i v e  need t o  be considered a s  i s  suggested by t h e  
e q u a l i t y  symbol i n  m a  3 ,  = a, x. 
., 
This  d i s c u s s i o n  g i v e s  us a  conceptual  base  f o r  t h e  foliow- 
ing  mathematical  development. 
3 .  PROBLEM STATEMENT 
Throughout t h e  paper ,  we use t h e  fo l lowing n o t a t r o n :  f o r  
v e c t o r s  : and y i n  ,?n. 
f o r  3 = 1 , 2 ,  . . . ,?? 
A prime deno tes  t r a n s p o s i t i o n  of a  v e c t o r  o r  a mat r ix .  I f  2 ,  3 
C .? and a < 3 ,  then ~ 
I 
[a, 51 4 - i r ,  3 2 r 2 3 )  
(a, 3 )  4 - ( r l  a < p < 3 )  
< 8 [ a ,  51 2 :r  z 5~ - < 5 , :  
Consider t h e  fo l lowing l ~ n e a r  programmrng problem: 1 
(PI min s ' z  
." 
s u b j e c t  t o  
where z and I a r e  v e c t o r s ,  3 an L v e c t o r ,  and 3 an .'4 v e c t o r .  
.A and 3 a r e  Lxn and .Yxn m a t r i c e s ,  r e s p e c t i v e l y  
The c o n s t r a i n t  i n  ( 1 )  i s  a  hard  c o n s t r a i n t ,  t h a t  i s ,  a  con- 
s t r a i n t  t h a t  canno t  be changed by t h e  p l a n n e r ' s  i n t e n t i o n .  W e  
assume t h a t  t h e  c o n s t r a i n t  s e t  ( 1 )  has a  f e a s i b l e  r eg ion .  On t h e  
o t h e r  hand,  eve ry  c o n s t r a i n t  i n  ( 2 )  i s  a  s o f t  c o n s t r a i n t ,  t h a t  i s ,  
a  c o n s t r a i n t  t h a t  could  be r e l a x e d ,  t o  some e x t e n t ,  by t h e  p lan-  
ne r .  The v a l u e  of 3 i n  t h e  s o f t  c o n s t r a i n t  s e t  i s  i d e a l l y  wanted 
t o  be  e q u a l  t o  3 * .  But it is assumed t h a t  i f  3 = 6* c o n s t r a i n t s  
( 1  ) and ( 2 )  a r e  i n c o n s i s t e n t  and t h e  problem (PI ) has  no so l i l e lon .  
Then t h e  problem i s  how t o  choose a  v a l u e  of 6 making a  s a c i s f a c -  
t o r y  compromise between t h e  a t t a i n m e n t  o f  t h e  o b j e c t i v e ,  min c ' z ,  
and t h e  requi rement  of t h e  c o n s t r a i n t s .  - 
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4 . 1 .  Definition of a  B i c r i t e r i o n  Minimizat ion  Problem 
When t h e  number of s o f t  c o n s t r a i n t s  is t o o  l a r g e ,  i . e . ,  .Y > >  1 , 
it is g e n e r a l l y  a  d i f f i c u l t  t a s k  t o  f i n d  t h e  i n c o n s i s t e n t  compon- 
e n t s  of t h e  c o n s t r a i n t  s e t  ( 1 )  and ( 2 ) .  I n  o r d e r  t o  overcome t h i s  
d i f f i c u l t y ,  w e  d e f i n e  t h e  fo l lowing  o p t i m i z a t i o n  problem wi th  two 
o b j e c t i v e s  : 
sub j  e c t  t o  ( 1 ) and ( 2 )  where 
The function 7 d e f i n e d  by (4) and ( 5 )  is  t h e  a e a s u r e  of t o t a l  
r e l a x a t i o n  of 3 .  This  is of t h e  same f3rm a s  t h e  r e g r e t  f u n c t i o n  
introduction by Yu e t  a l .  [ 3 ] .  W e  utilize t h i s  f u n c t i o n  i n  o r d e r  
~2 3ic!< 3tit t h e  ccmponenEs of 5 t h a t  x n s t  be r e i a x e c  t o  o b t a i n  
consistency 2i che c o n s t r a i n t  s e t .  
The f u n c t i o n  7 w i t h  = 1 r e p r e s e n t s  t h e  s imple  ave rage  of  
t h e  r e l a x a t i o n  q u a n t i t y  of sach  component 3 9 .  However, a s  t h e  
parameter  i n c r e a s e s ,  much importance is a t t a c h e d  t o  t h e  i n d i v i d -  
u a l  c o n s t r a i n t  component which d e v l a t e s  s i g n i f i c a n t l y  from 3 3 .  
In  ( 5 1 ,  fj is normalized i n  such a  way t h a t  each  r e l a x a t i o n  '6f 3 j  
i s  e q u a l l y  weighted ( i f  33 = 0 ,  an a p p r o p r i a t e  va lue  r e p l a c e s  
3 )  When t h e  r e l a t i v e  i h p o r t a n c e  among t h e  s o f t  c o n s t r a i n t s  i s  
known a ? r i o r i ,  f; w i l l  be m u l t i p l i e d  by t h e  we igh t ing  f a c t o r  re- 
f l e c t i n g  i ts  impor tance .  
we w i l l  now o b t a l n  the  n o n i n f e r l o r  s o l u t i o n  of t h e  b i c r i t e r -  
Ion problem ( P 2 ) .  From t h e  problem s ta tement ,  t h e  value  of t h e  
s o f t  c o n s t r a i n t  must s a t i s f y  a 2 B * .  This  is s a t i s f i e d  by t h e  
nonlnf e r i o r  s o l u t i o n  of (P2) . 
- -. 
4 .  2 .  1 .  T h e o r e m  I :  - The q o r . z ' n j e r l o r  s o s u t i o n  [ z ,  3 )  o j  ! ? 2 1  
satisj<zs 3 2 3 *  
We prove by c o n t r a d i c t i o n .  F i r s t ,  if 5 - a * ,  t h e  c o n s t r a i n t s  
( 1  ) and ( 2 )  with 0 = a r e  i n c o n s i s t e n t ;  hence (i, 2 )  is  not a  
s o l u t i o n  of ( P 2 ) .  Second, we assume t h a t  < 3; f o r  some i and 
d e f i n e  
Since t h e  f e a s i b l e  reg ion  of z given by ( 1 )  and ( 2 )  with 3 = 3 
inc ludes  t h a t  wi th  3 = 3 ,  the  fol lowing r e l a t i o n  is obta ined :  
- 
where z is a  s o l u t i o n  of ( P I  ) with 3 = 8. This  shows t h a t  (G, i )  
1s i n i e r l o r  t o  (t, 3); t h e r e f o r e  (i, 3 )  is  not a  n o n i n f e r l o r  
s o l u t i o n  of (P2) . Q.Z.D. 
The n o n i n f e r i o r  s o l u t i o n  of ( P 2 )  i s  ob ta ined  by so lv ing  t h e  
problem: 
s u b j e c t  t o  ( 1  ) and ( 2 )  where 3 1s a  parameter ranging over  t h e  
u n i t  i n t e r v a l  [ O ,  1 I . The opt imal  s o l u t i o n  of (P3) f o r  a  f ixed  
va lue  of 3 i s  denoted by [ z ( ? ) ,  3 ( 3 )  1 .  For s i m p l i c i t y ,  t h e  f o l -  
lowing notarLon is i n t r o c a c e c :  
The o b j e c t i v e  func t ions  and t h e  c o n s t r a i n t  s e t  of (P2) a r e  both  
convex. Accordingly,  a  d i z e c t  a p p l i c a t i o n  of G e o f f r i o n ' s  theorem 
[ a ]  l e a d s  t o  t h e  fol lowing theorem which g i v e s  t h e  r e l a t i o n s h i p  
between t h e  n o n i n f e r i o r  s o l u t i o n  of (P2) and t h e  opt imal  s o l u t i o n  
of (P3) . 
4. 2 . 2  T h e o r e m  2 :  ;so"rl;on 
( i )  ? ( 3 )  is monoton ica l ly  n o n i n c r e a s ~ n g  on [ 0 ,  i ] and 
z ( 9 )  is  monoton ica l ly  nondec reas ing  on [ 0 ,  1 j . 
(ii) m y  s o l u t i o n  [ z  ( 3 )  , 3 ( 5 )  1 of iP3) is  n o n i n f e r i o r  wher. 
3 € ( 0 ,  1 ) .  
(iii) Denote t h e  set o f  s o l u t i o n s  of iP3)  f o r  3 = 3 by 
( [ z ( O ) ,  3 ( O ) ]  and d e f i n e  
Then [ z  ( 0 + ) ,  i? (0+)  1 is i n  i [x ( 0 )  , 3 ( 0 )  1 1  and i s  rion- 
i n f e r i o r .  
( i v )  Denote t h e  s e t  o f  s o l u t i o n s  of  (P3 )  f o r  3 = 1 by 
( [ = ( I ) ,  3 : 1 ) 1 ?  and d e f i n e  
Then [ z ( l - ) ,  3 ( 1 - ) ]  is i n  ( [ ~ ( l ) ,  3 ( 1 ) 1 >  and is  non- 
i n f e r i o r .  
I t  i s  obse rved  from theorem 2 ( i v )  t h a t  [ = ( I - ) ,  3 ( 1 - ) I  is  
che n o n i n f e r i o r  s o l u t i o n  o f  (P2 )  when maximum c o n s i d e r a t i o n  i s  
g i v e n  t o  t h e  r e l a x a t i o n  q u a n t i t y  of 3 r e l a t i v e  t o  t h e  v a l u e  of 
3 .  By theorem 1 ,  we have 3 ( 1 - )  2 3 * .  Consequen t ly ,  a  component 
j f o r  which 8i ( 1 - 1  > 35  [ o r  e q u i v a l e n t l y  ,r; ( I - )  > 01 has  t u r n e d  
o u t  t o  be t h e  component of t h e  c o n s t r a i n t  '(2) t h a t  a a k e s  t h e  
problem ( P I )  i n f e a s i b l e .  The v a l u e  of 3; ( 1  - )  g i v e s  t h e  lower  
bound of  3 j  f o r  g e t t i n g  t h e  f e a s i b i l i t y .  
Fu r the rmore ,  by s o l v i n g  (P3) a s  4 l ~ a r i e s  o v e r  ( 0 ,  1 ) , we 
can  f i n d  c o n f l i c t i n g  components among t h e  inconsistent c o n s t r a i n t s ,  
t h a t  is,  components such  t h a t  no d e c r e a s e  c a n  be  o b t a i n e d  i n  t h e  
s e t  v a l u e s  o f  t h e  c o n s t r a i n t s  w i t h o u t  c a u s i n g  a  s i m u l t a n e o u s  i n -  
c r e a s e  i n  a t  l e a s t  one o f  t h e  o t h e r  s e t  v a l u e s .  For  t h i s ,  w e  i n -  
- : e s t i ga t e  t h e  v a r i a t i o n  3f 2 ' ? 1 2s : - : - ,  a n d  = l a s s i ' ; ~  t5.e oom- 
?onsnxs of t h e  s o f c  consxza lnx  a s  ~ o l l o w s  
- 1 [ j ! f ; ( e )  > 0  f o r  some 3c($, ' I ) ,  j < ( l r 2 , . . . , . V ) l  
-J - 
J 
where 0 C ( 0 ,  1 )  i s  a  number chosen  a p p r o p r i a t e l y .  
By theorem 1 ,  t h e  s e c  d i s - n o t  empty. F u r t h e r  t h e  set  9'- 
i s  n o t  empty e i t h e r .  P o r ,  l f  ; i s  empty, t h e n  
which c o n t r a d i c t s  theorem 2 ( i )  . A s  f o r  t h e  s e t  J +  , t h e  follow- 
ing theorem is  e s t a b l i s h e d .  
g . 2 . 3 .  T h e o r o m  3: Lf J +  :a q 3 t  zmpry, ;her2 zzi;:; 1- Laas; a 
a i r  of confZiczing c o m p o E e n z s ,  < . a . ,  j ; E Z r  a n d  . ; ' z E J -  
sucn ;bar B j Z  a n d  352 z a n n o z  l z c r e a a e  s t m u l ~ a n e o u s i ~ .  
The p o i n t  3 ( I - )  l i e s  on t h e  boundary of t h e  f e a s i b l e  r eg ion  
i n  t h e  3 space.f .  However, t h e  p o i n t  3 def ined  by 
does n o t  belong t o  t h e  f e a s i b l e  r eg ion .  For ,  i f  it  does ,  then 
which c o n t r a d i c t s  t h a t  ? ( I - )  is t h e  minimum va lue  of [ a s  shown 
by theorem 2 ( i v )  1 .  Consequently,  a s  t h e  parameter 3 v a r i e s  from 
3 t o  1 , f o r  a t  l e a s t  one j 1 E ;+, t h e  va lue  of f .7  must become 
l a r g e r  than  fj i i) . In  t h i s  c a s e ,  f o r  a t  l e a s t "  one j2 E J - ,  t h e  
va lue  must become smal le r  than f,i2 (8) due t o  t h e  f a c t  t h a t  7 ( 6 )  
i s  monotonically non inc reas ing  [by theorem 2 ( i ) ] .  Thus, dur ing  I ! 
t h e  t r a n s f e r  from 3 ( g )  t o  3 ( 1 - )  , t h e  component 3 j ,  1s i n  c o n f l i c t  1 
with  t h e  component 3' Prom t h e  convexi ty  of t h e  3  space ,  t h i s  
. 2 '  I 
c o n f l i c t  between 3 j 1  and 3 j 2  ho lds  on theboundary of  t h e  f e a s i b l e  
reqion.  
Q.E.D. I 
A s  a  r e s u i t  of i h e  foregoing ~ n v e s t i g a t l o n ,  w e  can summarize 
t h e  s t r a t e g y  f o r  dec id ing  t h e  s e t  va lue  of 3 a s  f o l l o w s .  F i r s t ,  
t h e  s e t  va lue  of 9 .  f o r  j & ~  should be g iven  by 3;. = 3.;, because 
t h e  s e t  value  of t h i s  component has l e s s  i n f l u e n c e  upon t h e  so lu -  
t i o n  of ( P I )  than t h a t  of t h e  component jr, / .  Second, i f  Y f  is 
an empty s e t ,  t h e  i n t e r a c t i o n  among t h e  s e t  va lues  of t h e  s o f t  
c o n s t r a i n t s  nay be regarded a s  n e g l i g i b l e .  Then t h e  s e t  value  
of 3 f o r  j 6 ,- may be determined i n d i v i d u a l l y  i n  due cons ide ra -  
t ion 'o f  t h e  t r ade-of f  between each.  ?j and t h e  o b j e c t i v e  f u n c t i o n  
z .  Thi rd ,  i f  if i s  not  empty, t h e r e  e x i s t s  a  c o n f l i c t i n g  r e l a t i o n  
'Note t h a t  t h e  d e c i s l o n  v a r i a b l e s  i n  (P3)  a r e  both  = and 3 .  I 
The 3 space  considered he re  means t h e  p r o j e c t i o n  of t h e  p o i n t s  
of (L, 3 )  on t h e  3 subspace.  ~ ! 
among t h e  s e t  values  of t h e  s o f t  c o n s t r a i n t s .  Therefore ,  we 
must determine t h e  p re fe r red  va lue  of Bj f o r  j E J  with regard t o  
t h e  t rade-off  among a l l  t h e  c o n f l i c t i n g  components and t h e  
o b j e c t i v e  z .  
4.3. A Procedure f o r  Solving (P3) 
i f  > 1 , ( P 3 )  i s  a  nonl inear  problem. To solve che non- 
l i n e a r  problem ( P 3 ) ,  we apply a  m u l t i l e v e l  o p t m i z a t i o n  t e c h n ~ c u s  
by decomposing t h e  problem i n t o  two subproblems. Gne of t h e  sub- 
problems i s  a  l i n e a r  p r o g r m i n g  problem, and t h e  o the r  i s  an un- 
cons t ra ined  minimization. The i n t e r a c t i o n  between subproblems i s  
coordinated a t  t h e  second l e v e l  by using a  g r ad i en t  method. The 
d e t a i l e d  d e s c r i p t i o n  of t h e  a lgor i thm i s  omit ted here  [ 5 ] .  
I f  p = 1 ,  (P3) i s  j u s t  t h e  following l i n e a r  programming prob- 
lem: 
(P4) min [ d w ' l  + ( 1  - d )  s ' z ]  
z ,  ;I 
s u b j e c t  t o  
where a 2 6 - B *  and 2 is  t h e  .Y vec tor  wi th  t h e  components l / ~ f .  
A7 i s  t h e  .MxM i d e n t i t y  matr ix .  
Phase I i n  t h e  two-phase simplex procedure corresponds t o  
solving ( P 4 )  with i = 1 .  In t h e  p r e s en t  procedure,  we so lve  ( P 4 )  
with t he  parameter 3 varying over t h e  u n i t  i n t e r v a l .  
5 .  A PROCEDURE FOR DETERMINING A PREFERRED SET VALUE OF THE 
SOFT CONSTRAINT 
5 . 1  . D ef i n i t i o n  of a  :.linimization Problem w i t h  (,T + I ) Object ives  
Since ( P 2 )  i s  a  b l cz l ce r l on  problem, t ne  non in f e r l o r  solu-  
t i o n s  of (P2) a r e  obtained r a t h e r  e a s i l y .  However, t h e  s o l u t i o n  
depends upon t h e  choice of t h e  parameter ? and t h e  weighting fac -  
t o r  J j l  and t h e  s o l u t i o n  s e t  i s  r e s t r i c t e d  i n  t h a t  sense .  There- 
f o r e ,  l t  i s  n e i t h e r  reasonable nor a t t r a c t i v e  t o  s e l e c t  a  pre- 
f e r r e d  value of 6 from t h i s  s o lu t i on  s e t .  The purpose of s e c t i o n  
5 i s  t o  determine p r e f e r r ed  values of t h e  i ncons i s t en t  s o f t  con- 
s t r a i n t s  found i n  s e c t l o n  3 . 2 .  
Let m be the  number of i ncons i s t en t  s o f t  c o n s t r a i n t s .  The 
s e t  values  of t h e  remaining (iY - rn) s o f t  c o n s t r a i n t s  a r e  f i xed  
appropr ia te ly  [ f o r  example, s e t  3; = 3;(1-)] , and t he s e  c o n s t r a i n t s  
a r e  ai~pended t o  t h e  c o n s t r a i n t  s e t  ( 1 ) .  That i s  t o  say ,  i n  t h i s  
s e c t i o n ,  o of ( 1 )  i s  changed i n t o  an ( I .  + ,Y - 7 )  vec to r ,  and 6 of 
( 2 )  i n t o  an m vec tor .  A s  a  mat ter  of course ,  3 > B * .  
In t h i s  s e c t i d n ,  we t r e a t  t h e  r e l a x a t i o n  q u a n t i t i e s  of ,n 
components of 3  a s  independent 2erformance lndexes i n s t e a d  of 
summing them up. Then we d e f i n e  t h e  fo l lowing  minimizat ion prob- 
lem wlth  (m + 1 ) o b j e c t i v e s :  
s u b j e c t  t o  ( 1  ) and ( 2 )  where j ( S )  is  t h e  m v e c t o r  func t ion  wi th  
components g iven by ( 5 )  . 
We a t t empt  t o  f i n d  a  p r e f e r r e d  s o l u t i o n  of (P5) o u t  of t h e  
n o n i n f e r i o r  s e t  i n  accordance wi th  an a d d i t i o n a l  c r i t e r i o n  in -  
duced by t h e  p lanner .  
5.2.  Determination of Trade-off Rate 
The p r e f e r r e d  s o l u t i o n  of (P5) i s  obta ined  i n  an i n t e r a t i v e  
way which u t i l i z e s  t h e  idea  of t h e  s u r r o g a t e  worth t rade-off  
method [ I ] .  In o r d e r  t o  d e r i v e  informat ion on t h e  p l a n n e r ' s  
p r e f e r e n c e ,  t h e  t rade-off  r a t e  needs t o  be c a l c u l a t e d  f o r  every  
n o n i n f e r i o r  s o l u t i o n  of ( P 5 ) .  For t h i s  purpose ,  t h e  s c o n s t r a i n t  
approach is a p p l i e d  t o  t h e  problem ( P S I .  This  is  advantageous 
i n  t h e  sense  t h a t  a  r e v i s e d  simplex method i s  a p p l i c a b l e  even t o  
t h e  problem with  3 > 1 .  
Then, by r e p l a c i n g  n o b j e c t i v e s  excep t  Z ( Z ,  3) i n  ( P S )  wi th  
the  i n e q u a l i t y  c o n s t r a i n t s ,  we c o n s i d e r  t h e  fo l lowing problem: 
(P6) min z ( = ,  3) 
z ,  3 
s u b j e c t  t o  ( 1  ) , ( 2 )  , and ' (3)  5 E where E ,  a  ?ararneter of dimen- 
s i o n  m ,  i s  so  chosen t h a t  ( ~ 6 ) - h a s  a  s o l u t i o n .  
A s  i s  wel l  known, t h e  n o n i n f e r i o r  s o l u t i o n s  of (P5) a r e  
g iven by t h e  opt imal  s o l u t i o n  of (P6) when t h e  c o n s t r a i n t  (15)  
is  a c t l v e .  The Lagrangian f u n c t i o n  of (P6)  is  
where h ,  f ,  and n a r e  v e c t o r s  of Lagrange m u i t i p l l e r s  a s s o c i a t e d  
wl th  t h e  corresponding c o n s t r a i n t s .  Note t h a t  when X j  > 0 ,  t h e  
value  of X j  r e p r e s e n t s  t h e  t rade-off  r a t l o  Sexween z  and ;,j. 
Since a l l  t h e  constraints and t h e  o b l e c t l v e  of ( P 6 )  a r e  con- 
vex and d i f f e r e n t i a b l e  f o r  9 > 3 * ,  t h e  Kuhn-Tucker c o n d i t i o n s  
a r e  necessa ry  and sufficient f o r  t h e  o p t l m a l i t y  of (P6) [ 2 ] .  
These c o n d i t i o n s  a r e  a s  fo l lows:  
From ( 1 7 )  we have 
I t  fol lows from ( 1 7 )  and ( 1  8)  t h a t  the  opt imal  s o l u t i o n  of 
( ~ 6 )  is  a  n o n i n f e r i o r  s o l u t i o n  of (P5) , i f  and only  i f  q > 0. In 
f a c t ,  i f  q > 0, X > 0 holds from ( 1 8 ) ,  and then the  c o n s t r a i n t  
(15)  becomes a c t i v e .  This  means t h a t  t h e r e  i s  no improvement i n  
Z ( Z ,  5 )  without  causing f u r t h e r  degrada t ion  of a t  l e a s t  one of 
, ( 3 ) .  Thus t h i s  s o l u t i o n  is i n  t h e  n o n i n f e r i o r  s e t .  On t h e  
oghe:. hand, i f  some nj = 0 ,  t h e  j t h  c o n s t r a i n t  of ( 2 )  becomes in-  
a c t i v e  except  f o r  t h e  degenerate  case .  Then from ( 1 9 ) ,  t h e  ob- 
j e c t i v e  z ( z ,  3 )  does no t  depend upon che value  of such 3 j .  Also 
from ( 1  8)  , Xi = 0 holds:  thus  the  j t h  component of (15)  is in -  
a c t i v e  under t h e  nondegeneracy. Accordingly,  t h i s  s o l u t i o n  be- 
longs t o  t h e  i n f e r i o r  s e t .  The degenerate  s o l u t i o n  i s  a l s o  con- 
s i d e r e d  a s  an i n f e r i o r  one. 
Summarizing, t h e  n o n i n f e r i o r  s o l u t i o n s  of (P5) and t h e i r  
t rade-off  r a t e s  a r e  c a l c u l a t e d  a s  fol lows:  t h e  a c t i v e n e s s  of  
( 1 5) y i e l d s  
By s u b s t i t u t i n g  (20)  i n t o  ( 2 )  and so lv ing  ( P I  1 , we o b t a i n  t h e  non- 
i n f e r i o r  s o l u t i o n  of 2. In a d d i t i o n ,  from ( 1  8 )  t h e  t r ade-of f  r a t e  
is  given by 
where q ~ .  is obta ined  a s  t h e  simplex m u l t i p l i e r  i n  s o l v i n g  ( P I )  by 
a  rev i sed  sunplex method. The above c a l c u l a t i o n  i s  continued by 
varying t h e  value  of E p a r a m e t r i c a l l y  wi th in  t h e  domain where (P6) 
has  a  s o l u t i o n  such t h a t  q # 0 .  
5 .3 .  Search Procedure f o r  Finding t h e  P r e f e r r e d  S o l u t i o n  
In  t h e  s u r r o g a t e  worth t r ade-of f  method, an i n t e r a c t i v e  
s e a r c h  procedure i s  used t o  f i n d  t h e  p r e f e r r e d  s o l u t i o n  wi th  t h e  
p lanner  being consu l t ed  a t  each s t e p  of t h e  sea rch  i n  o r d e r  t o  
3ssess  t h e  s u r r o g a t e  worth a t  a  g iven n o n i n f e r i o r  p o i n t  ( 2 ,  ,2). 
The va lue  of t h e  s u r r o g a t e  worth f u n c t i o n  2.j r e p r e s e n t s  t h e  plan- 
n e r ' s  assessment of how much he p r e f e r s  t r a d i n g  marginal  u n i t s  
of z  f o r  one marginal  u n i t  of Jj. VJ > 0  means t h a t  he p r e f e r s  
making such a  t r a d e ,  K j  < 0  means t h a t  he p r e f e r s  no t  t o  make 
such a  t r a d e ,  and Jj = 0  impl ies  i n d i f f e r e n c e .  
I f  t h e  i n d i f f e r e n c e  band where 
f o r  a l l  j 
is o b t a i n e d ,  then '0 and t h e  corresponding zO g i v e  t h e  p r e f e r r e d  
va lues  of t h e  o b l e c t i v e s .  S u b s t i t u t i o n  of c = jO i n t o  (20)  re-  
s u l t s  i n  t h e  p r e f e r r e d  value  of 30 .  Besides ,  by s u b s t i t u t i n g  
3 = 3 0  i n t o  ( 2 )  so lv ing  (P1 ) , we o b t a i n  t h e  p r e f e r r e d  s o l u t i o n  
z o .  
In  p r a c t i c e ,  it i s  d i f f i c u l t  t o  f i n d  a t  any one t ime a  p o i n t  
a t  which (22)  holds  s imul taneously  f o r  a l l  .j. There fo re ,  t h e  f o l -  
lowing success ive  approach may be e f f e c t i v e .  F i r s t ,  vary  f 1  a lone  
by f i x i n g  t h e  va lues  of t h e  o t h e r  o b j e c t i v e s  'j, j = 2 , 3 ,  . . . ,  ,m 
t o  a t t a i n  2 1  = 0  a t  "1 = f 1 .  Second, vary  1 2  alone by f i x i n g  t h e  
o t h e r  f; t o  a t t a i n  22 = 0  a t f 2  = f 2 ,  and SO f o r t h .  A f t e r  ob- 
.' t a i n l n g  dm = 0 ,  r e t u r n  t o  the  s e a r c h  f o r  K1 = 0. Repeat t h e  pro- 
cedure  u n t i l  K j  = 0  1s a t t a i n e d  f o r  a l l  j. 
In  t h i s  procedure,  the  p lanner  need only  e v a l u a t e  t h e  va lue  
of one 2j a t  each s t e p  of the  s e a r c h .  Then t h e  t r ade-of f -curve  I 
shown i n  t h e  f; plane can be u t i l i z e d  t o  f i n d  t h e  p o i n t  ;J where 
= 0 .  However, t h e  cons i s t ency  of t h e  p l a n n e r ' s  p r e f e r e n c e  must 
b& assumed dur ing  t h e  s u c c e s s i v e  e v a l u a t i o n  process .  
6 .  APPLICATION TO REGIONAL AGRICULTURE PLANNING 
This s e c t i o n  1s concer-ec wit:? 3n a ? ? l i c z = i a ~ i  of  :te ,roposec 
metaod co a  r e g i o n a l  a g r ~ c u l t u r a l  plannrng problem. The d e c i s i o n  ' 
making by t h e  s u r r o g a t e  worth t rade-off  aechod r e q u i r e s  a model 
of t h e  mathematical  programming type.  A r e s u l t  de r ived  from t h e  
model r e f l e c t s  not  only t h e  p l a n n e r ' s  p re fe rence  bu t  t h e  v a l i d i t y  
of t h e  mathematical  modeling. There fo re ,  t h e  mathematical  formu- 
l a t i o n  has  t o  be checked repea ted ly  i n  t h e  d i s c u s s i o n  on t h e  re-  
s u l t s  ob ta ined .  A s  space is l i m i t e d ,  a  procedure and some t y p i c a l  
r e s u l t s  i n  a  c a s e  s tudy a r e  r epor ted  he re  t o  demonstrate t h e  use 
of t h e  method. 
6 . 1 .  Model Desc r ip t ion  I 
The aim of  r e g i o n a l  a g r i c u l t u r e  planning 1 s  t o  decide  an 
optimum p o l i c y  f o r  farmlng management and land use wi th  t h e  g o a l  
of secur ing  a  sound a g r i c u l t u r a l  income and a  s a t i s f a c t o r y  amount 
of a g r i c u l t u r a l  products  i n  t h e  reg ion .  The reg ion  considered 
c o n s i s t s  of 3 4 0  farm-households and the  farmland of 4 8 0  h e c t a r e s ,  
and i s  l o c a t e d  wi th in  Tokoname Ci ty  i n  Aichi p r e f e c t u r e ,  Japan.  
The problem was o r i g i n a l l y  formulated by Kitamura [ 6 1  a s  
t h e  fol lowing l i n e a r  programming problem: 
( P 7 )  max z = c l =  
1: 
s u b j e c t  t o  
where z r e p r e s e n t s  t h e  g r o s s  a g r i c u l t u r a l  income of t h i s  region.  
I n  t h e  formulat ion,  t h e  type of a g r i c u l t u r a l  management is d i -  
vided i n t o  seven groups and f u r t h e r  d iv ided  i n t o  2 2  c l a s s e s  
according t o  t h e i r  products  o r  cornbinatlons of p roduc t s .  The 
d e c i s i o n  v a r i a b l e  z is a  2 2  dimensional v e c t o r  each component of 
which s t a n d s  f o r  t h e  number of farm-households i n  a  c l a s s  of t h e  
a g r i c u l t u r a l  management. The d e t a i l s  a r e  i n d i c a t e d  i n  Table 1 .  
For s i m p l i c i t y ,  we remove t h e  r e s t r i c t i o n  t h a t  x be an i n t e g e r  
v e c t o r .  
The nard c o n s t r a i n t ,  g iven by ( 2 3 ) ,  inc ludes  c o n d i t i o n s  on 
the  a r e a  usab le  f o r  farming and t h e  t o t a l  number of farm-households. 
The s o f t  c o n s t r a i n t  of ( 2 4 )  and ( 2 5 )  inc ludes  t h r e e  types  of con- 
d i t i o n s :  
- a  cond i t ion  on t h e  d e s i r e d  amount of each a g r i c u l t u r a l  
product 
- a  c o n d i t i o n  on t h e  number of farm-households i n  each 
group of a g r i c u l t u r a l  management 
- a  condition on t h e  number of each type of l i v e s t o c k .  
The f i r s t  =-do zonditions aze  7lven b y  ; 2 3 )  and the t h i z d  one b y  
( 2 5 ) .  The items of t h e  s o f t  c o n s t r a i n t ,  t o g e t h e r  wi th  t h e  i d e a l  
s e t  va lues  denoted by 3 l *  and 8 * * ,  a r e  l i s t e d  i n  Table 2 .  
I n  ( P 7 ) ,  t h e  dimensions of t h e  v e c t o r s  a r e  a s  fo l lows :  
c € 3 2 2 ,  j l ,  j 2 E  211, 3 l  f and ~ 2  s 3 3 .  Because of l i m i t e d  
space ,  t h e  d e t a i l e d  d e s c r i p t i o n  of d ,  5 ' 1 ,  3 2 ,  c ,  b l ,  and b 2  i s  
omitted here  ( s e e  [ 6 ,  7 1 ) .  
6 . 2 .  Solu t ion  of (PU)  
The problan ( P 7 )  has no f e a s i b l e  s o l u t i o n  when 8 l  = 3l* and 
32  = ~ 2 * .  The procedures given i n  s e c t i o n s  3 and 4  a r e  app l ied  
t o  ( P 7 )  i n  o r d e r  t o  determine t h e  p r e f e r r e d  va lues  of d l  , 3 2 ,  and 
z. 
Table 1. The preferred vaiues of farm-households in classes of 
the agricultural management. 
- 
Preferred Solution 
" 
.< 4 3 ;  (i) Class of Agricultural Management '> 
1  Rice, full-time 0 0 0 
2 Rice, part-time I 1  U i 5 1 1 
3 Rice, part-time I1 0 0 0 
d Dairy, full-time 17 16 16 
5 Dairy, part-time I 0 0 1 
6 Poultry raising, full-time 0 0 0 
7 Rice and poultry raising, full-time 3 3 3  3  3 4 
8  Rice and poultry raising, part-time I 0 0 0 
9  3ice and poultry raislng, part-time I1 6 6 5 
1 0  Chrysanthemum, full-time U 6 2 
1 1  Carnation, full-time 0 0 0 
12 Rice and chrysanthemum, full-time 0 0 0 
13 ilice and chrysanthemum, part-time I 5 3 5 3 5 5 
1U Rice and carnation, full-tne 5 7 
15 ?.ice and paddyfield vegetables, full-time 0 0 0 
16 Rice and vegetables, full-time 0 0 0 
17 Rice and vegetables, part-time I 2 6 2 5 2 6 
1 8  Rice and vegetables, part-time I1 8  5 8  6 8  4 
1 9  Rice and oranges, full-time 0 0 0 
20 Rice and oranges, part-time I 0 0 0 
21 Rice and oranges, part-time 11 9  1 9  0 9  3 
22 Rice and pig raising, full-cime 6 6 6 
Note: Full-tine farm-households refers to those all of whose 
members are exclusively engaged in their own agriculture. 
Part-time I refers to the households subordinating jobs 
other than agriculzure. 
Part-time I1 refers to the households subordinating agri- 
culture. 
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In  our  c a s e  s tudy we put p = 1 i n  ( 5 ) ,  and so lve  ( P U )  . 
Table 2  shows a  v a r i a t i o n  of t h e  s e t  va lues  B 1  and 32  with t h e  
parameter 3 ranging between 0.3 and 1 .  By r e f e r r i n g  t o  Table  
2  we know, from ( 1 0 )  of t h i s  problem, t h a t  
where the  numbers i n d i c a t e  the  s o f t  c o n s t r a i n t s  a s  Ln Table 2 .  
That 1s t o  say ,  t h e  s e t  va lues  of 3 j  with J ; a r e  too 
excess ive  t o  make the  c o n s t r a i n t s  f e a s i b l e ,  s o  t h a t  they inust 
somehow be re laxed.  In p a r t i c u l a r ,  no te  t h a t  the  amount of 
chrysanthemum production (d  = 5 i n  Table 2 )  i s  i n  c o n f l i c t  wi th  
t h a t  of t h e  product ion of c a r n a t i o n s  (j = 6 )  o r  r a d i s h e s  (;' = 1 0 ) .  
6.3.  Examples of Search f o r  t h e  P r e f e r r e d  So lu t ion  
A s  an example, 3 5  and 3 6  a r e  chosen a s  t rade-off  parameters 
o u t  of 3 ;  whlle  t h e  remaining ?j a r e  f i x e d  a s  
5 , = 3 *  f o r  o t h e r  j 
d j 
For convenience,  l e t  u s  renumber 3 ~ j  and S6 a s  5 1  and 32, respec-  
t i v e l y .  Accordingly, h e r e a f t e r  6 1 impl ies  the  d e s i r e d  amount of 
product ion of chrysanthemums and 6 2  t h a t  of c a r n a t i o n s .  We then 
d e f i n e  t h e  problem (P5) a s  having t h r e e  o b j e c t i v e s ,  i . e . ,  t h e  
r e l a x a t i o n  q u a n t i t i e s  f 1 ( 3 ,  ) and '2 ( 9 2 )  t o g e t h e r  wi th  the  o r i g -  
i n a l  o b j e c t i v e  z .  
Figure  1 i l l u s t r a t e s  an example of t h e  a p p l i c a t i o n  of t h e  
interactive procedure o f  s e c t i o n  4.3. The f i r s t  quadrant  of 
t h i s  f i g u r e  shows t rade-off  curves between 31 and s f o r  va r ious  
values  of 8 2 .  The t h i r d  quadrant shows those  between 3 2  and z 
f o r  va r ious  va lues  of 31. The process  of d e c i s i o n  sade  by t h e  
f i r s t  p lanner  is  shown on t h e  3 1 3 2  plane i n  the  f o u r t h  quadrant .  
Inqu i r ing  from him s t a r t s  from two d i f f e r e n t  i n i t i a l  p o i n t s ,  
and ends a t  t h e  p o i n t s  d q  and 33, r e s p e c t i v e l y .  Note t h a t  t h e  
planner  seems t o  be i n t e r e s t e d  i n  t h e  p o i n t s  of discontinuity 
~f t h e  t r a d e - o f f  r a t i o s .  sence,  ~t say be c o n j e c t , ~ r s c  =hat his 
~ n d i f f e r e n c e b a c d e x i s t s  aiong t h e  l i n e  connecting two p o i n t s  A l l  
and 5'3. 
Figure  2  shows the  d e c i s i o n  process  made by the  second plan- 
ne r .  Th i s  p lanner  seems t o  have a  dominant p re fe rence  t o  high 
value  of 6 2 .  Therefore ,  h i s  p r e f e r r e d  s o l u t i o n  w i l l  be t h e  same 
p o i n t  i r r e s p e c t i v e  of i n i t l a 1  p o i n t s .  
The p r e f e r r e d  va lues  of z thus  obta ined a r e  i n d i c a t e d  i n  
Table 1 .  
Z [Mi 1 1  ion yen per year] 
: Gross agricultural 
i ncome 
p, [I o4 units] : Produc- 
tion of chrysanthemum 
p2 [ lo4 units] : Pmduc- 
tion of carnation 
Figure  1 .  Decision process  made by t h e  first planner .  
Figure 2. Decision process nade by the second planner. 
7 .  APPLICATION TO XACRO SOCIOECONOMIC MODELS 
In  t h e  con tex t  of our  IRDP, s e v e r a l  socioeconomic models 
have been developed o r  a r e  under development. I n  t h i s  s e c t i o n ,  
we summarize t h e  concept of a p p l i c a t i o n  of our  methodology t o  
some models. 
7 . 1 .  Basic  Methodological  Aspects f o r  Decis ion Simulat lon 
I n  o r d e r  t o  i n v e s t i g a t e  t h e  e f f e c t s  of  a d m i n i s t r a t i v e  p o l i c y  
and i n h a b i t a n t s '  p re fe rences  on t h e  r e g i o n a l  development, we need 
a  model t h a t  can d e p i c t  t h e  t ime e v o l u t i o n  of t h e  r e g i o n a l  s t a t e  
under those  d e c i s i o n s .  For t h i s  purpose we may use  t h e  method 
of systems dynamics (SD) o r  something s i m i l a r .  But i n  c o n s t r u c t -  
ing  a  SD model many s u b j e c t i v e  assumptions on v a r i a b l e s  and func- 
t i o n a l  r e l a t i o n s h i p s  a r e  i n e v i t a b l e .  Furthermore,  t h e  t ime re-  
quirement f o r  s imula t ion  may become i m p r a c t i c a l l y  l a r g e  when t h e  
model i n c l u d e s  some d e t a i l e d  mic ro leve l  s e c t o r s .  Thus we have 
no t  made f u l l  use of t h e  SD technique and w i l l  mainly r e l y  upon 
t h e  concept of q u a s i s t a t i c  e v o l u t i o n  of t h e  economic and s o c i a l  
s t a t u s .  I n  our  q u a s i s t a t i c  model, t h e  c o r e  i d e a  of  t h e  modeling 
and s imula t ion  might be i n t e r p r e t e d  a s  fo l lows .  
Let  c be t h e  v e c t o r  of n a c t i v i t y  v a r i a b l e s  which is  d i r e c t l y  
a s s o c i a t e d  wi th  o p e r a t i o n a l  d e c i s i o n  v a r i a b l e s  of t h e  i n h a b i t a n t s  
( c i t i z e n s ) ,  t h e  e n t e r p r i s e s ,  and t h e  l o c a l  a u t h o r i t i e s .  The n 
vec to r  t is composed of v a r i a b l e s  such a s  t h e  consumption, o r  its 
r a t e  of t h e  income of t h e  i n h a b i t a n t s ,  t h e  amount of product ion 
and investment by e n t e r p r i s e s ,  and t h e  t a x a t i o n  and budgeting 
p o l i c y  of t h e  l o c a l  governments. A s  t h e  r e s u l t  of a c t i v i t y  z ,  
t h e r e  w i l l  be brought about  a  v a r i e t y  of socioeconomic conse- 
quences such a s  t h e  consumption of n a t u r a l  r e s o u r c e s ,  changes i n  
supply  and demand i n  t h e  market ,  t h e  change i n  income of c i t i z e n s ,  
i n c r e a s e  i n  s o c i a l  s t o c k s ,  and emiss ion of p o l l u t a n t s .  Let  22: 
be t h e  amount of t h e  i t h  consequence, where a i  deno tes  t h e  amount 
of i t h  consequence pe r  u n i t  a c t i v i t y ,  t h e  prime deno t ing  a  v e c t o r  
t r a n s p o s i t i o n .  
Due t o  t h e  p h y s i c a l ,  exogeneous, o r  human-intentional  r easons ,  
t h e  consequence akz IS g e n e r a l l y  l i m i t e d  t o  be more than  some 
va lue  b r .  ( I f  t h e  l i m i t a t i o n  1s " l e s s  than"  i n s t e a d  of "more 
. . t h a n , "  1~ i s  rsadil:? c o n T ~ e r t e d  t o  t k e  s q u i v a l e n t  "aoze than"  sx- 
p r e s s i o n  f o r  - a A : z . )  Mathematically, we can d e a l  wi th  t h l s  l i m i t a -  
t i o n  by us ing  t h e  i n e q u a l i t y  c o n s t r a i n t  
I f  a  c e r t a i n  a c t i v i t y  v a r i a b l e  i t s e l f  i s  s u b j e c t  t o  a l i m i t a t i o n ,  
then we can i n c l u d e  it i n  ( 2 6 )  by s e t t i n g  t h e  corresponding o vec- 
t o r  t o  a  u n i t  v e c t o r .  Summing ( 2 6 )  over i ,  t h e  c o n s t r a i n t s  a r e  
conc i se ly  desc r ibed  by 
where d i s  t h e  nxn m a t r ~ x  whose rows a r e  3',;, and o is an n v e c t o r .  
Let j* be t h e  most d e s i r a b l e  va lue  of b .  In  nany r e a l  s o c i a l  
s i t u a t i o n s ,  it may happen t h a t  t h e r e  i s  no f e a s i b l e  z t o  ( 2 7 )  i f  
5 = 3 .  T h a t  i s  t o  s a y ,  no consistency may be o b t a i n e d  among t h e  
c o n s t r a i n t s  i f  t h e  d e s i r a b l e  l i m i t a t i o n s  a r e  set i n d e p e n d e n t l y .  
I n  such  a  c a s e ,  we have t o  r e l a x  c e r t a i n  of t h e  l i m i t a t i o n s  t o  
g e t  a  f e a s i b l e  v a l u e  of  z .  Some c o n s t r a i n t s  i n  ( 2 7 )  a r e  h a r d  
ones  which canno t  be r e l a x e d  due t o  p h y s i c a l  o r  o t h e r  r e a s o n s ,  
b u t  t h e  o t h e r  c o n s t r a i n t s  a r e  s o f t  ones  which c o u l d  be r e i a x e a  
t o  some e x t e n t  by human d e c i s i o n .  
We now r e p r e s e n t  a  set of  s o c i a l  i n d i c a t o r  i n d e x e s  i n  t e r m s  
of t h e  a c t i v i t y  z .  The s o c i a l  i n d i c a t o r s  a r e  i n d e x e s  adop ted  a s  
measures of  t h e  s o c i a l  s t a t e  from t h e  v i ewpo in t  of r e g i o n a l  l i f e  
q u a l i t y  a s  w e l l  a s  economlc soundness .  T h e r e f o r e  t h e y  might  be 
c o n s i d e r e d  a s  measures  of  t h e  s o c i a l  u t i l i t y  d e r i v e d  from t h e  
r e l e v a n t  a t t r i b u t e s .  L e t  
be t h e  l e v e l  of  j t h  i n d i c a t o r .  Again i n  a  v e c t o r - m a t r i x  e x p r e s -  
s i o n ,  ( 2 8 )  is s imply  w r i t t e n  a s  
where C is t h e  r x n  v e c t o r  whose rows a r e  ck and y is an  r v e c t o r .  
I t  is noted  h e r e  t h a t  a  c e r t a i n  c>z nay be i d e n t i c a l  w i t h  a  c e r -  
t a i n  a>,-. 
S i n c e ,  a s  a  m a t t e r  of c o u r s e ,  we want t o  maximize t h e  l e v e l  
o f  each  i n d i c a t o r  ( u t i l i t y )  a s  f a r  a s  possible, o u r  problem is  
s t a t e d  a s  3 m u l t i o b j e c t i v e  maximiza t ion  problem. Maximize 
sub]  e c t  t o  ! i 
The e l emen t s  of n a t r i x e s  d and C a r e  t o  be  i d e n t i f i e d  i n  t h e  model 
by u s i n g  soc ioeconomic  v a r i a b l e s ,  p a r a m e t e r s ,  and e q u a t i o n s ,  e . g . ,  
t h e  p r o d u c t i o n  f u n c t i o n ,  t h e  i n p u t - o u t ~ u t  a n a l y s i s ,  p o p u l a t i o n  
dynamics,  t h e  s o c i a l  p r e f e r e n c e  f 7 m c t i o n ,  e t c .  Although we have 
assumed s o  f a r  t h a ~ ,  f o r  s i i n p l l c i t y ,  3och i 3 0 )  and i 3 l )  a r e  
modeled i n  l i n e a r  forms we can  e x t e n d  them i n t o  n o n l i n e a r  forms 
i f  n e c e s s a r y .  
i .  i. 2 .  The Case of d S i n g l e  D e c i s i o n  Maker I 
I f  t h e r e  i s  o n l y  one r e g i o n a l  d e c i s i o n  n a k e r ,  t h e  problem 
of ( 3 0 )  and ( 3  1 ) is a  l i n e a r  programming problem w i t h  rnu l t i 3b j ec -  
t i v e s .  I f ,  f u r t h e r m o r e ,  t h e  v e c t o r  3 can  be  reduced  t o  a  s c a l a r  
q u a n t i t y  by some means, e . g . ,  by t h e  t y p i c a l  we igh t ing  t e c h n i q u e ,  
t h e n  t h e  problem is a  c o n v e n t i o n a l  one .  I n  any c a s e ,  f i r s t  w e  
check t h e  f e a s i b i l i t y  of t h e  c o n s t r a i n t  ( 3 1 ) .  I f  f e a s i b l e ,  we 
proceed  t o  de t e rmine  t h e  " o p t i m a l "  z .  The s e n s e  o f  o p t i m a l i t y  
i s  c l e a r  i n  t h e  c a s e  of one o b j e c t i v e ,  b u t  i s  no t  i n  t h e  c a s e  of 
m u l t i o b j e c t i v e s .  For t h e  m u l t i o b j e c t i v e  optimization problem we. 
have t o  r e l y  upon t h e  t rade-off  t echn ique  t o  determine o p t i m a l i t y  
i n  t h e  sense  of  preference.  
I f  ( 3  1 ) is not  f e a s i b l e ,  we have t o  t r y  t o  r e l a x  some s o f t  
c o n s t r a i n t s .  Again a  t rade-off  i s  needed among the  r e l a x a t i o n s ,  
and t h e  method developed i n  t h i s  paper can be e f f e c 2 i v e l y  app l led .  
7 . 1 . 2 .  The Case o f  Seve ra l  Dec i s i on  Makers 
I f  t h e r e  e x i s t s  more than orie decision-making body i n  t h e  
reg ion ,  and each d e c i s i o n  body has  i t s  own s e t  of i n d i c a t o r s  ( o r  
o b j e c t i v e s  o r  u t i l i t i e s ) ,  then t h e  d e c i s i o n  problem i s  a  kind of 
gaming problem among t h e  d e c i s i o n  bodies .  This  kind of gaming 
o r  c o n f l i c t i n g  situation is  a  s u b s t a n t i a l  f e a t u r e  of r e a l  s o c i e t y  
nowadays. In  our whole r e g i o n a l  model, we a r e  cons ider ing  t h r e e  
t y p i c a l  d e c i s i o n  bodies ,  t h a t  i s ,  t h e  c i t i z e n s ,  t h e  p r i v a t e  en- 
t e r p r i s e s ,  and t h e  r e g i o n a l  government, whose o b j e c t i v e s  a r e  q u i t e  
o f t e n  i n  mutual c o n f l i c t .  Furthermore,  we a r e  t o  cons ider  a  gam- 
ing among d e c i s i o n  bodies  belonging t o  d i f f e r e n t  subregions .  
For t h e  gaming s i t u a t i o n ,  t h e  mathematical  fo rmula t ion  i s  
a s  fol lows.  For t h e  kth  d e c i s l o n  body, t h e  a c t i v i t y  v a r i a b l e s  
( o r  t h e  d e c i s i o n  v a r i a b l e s )  vec to r  is denoted by z k ,  and t h e  i n -  
d i c a t o r s  v e c t o r  by y k .  Then t h e  problem f o r  t h e  k th  body is  a s  
fol lows.  Maximize 
s u b j e c t  t o  
where z i s  t h e  d i r e c t  sum of ck and (33)  i s  t h e  common c o n s t r a i n t  
t o  a l l  t h e  d e c i s i o n  bodies .  For t h e  s e t t i n g  o r  t h e  r e l a x a t i o n  of 
( 3 3 ) ,  a l l  t h e  d e c i s i o n  bodies must n e g o t l a t e  wi th  one ano ther  i n  
o r d e r  t o  o b t a i n  mutual agreement. 
In  t h e  game, t h e  r u l e  f o r  d e c i s i o n  choice  w i l l  be much more 
complicated and d i f f i c u l t  than i n  t h e  nongaminq s i t u a t i o n ,  espec- 
i a l l y  under t h e  c o n d i t i c n  of x u l t i o b j e c t i v e s  and r e l x x a b l e  zon- 
s t r a i n t s .  The s o c e i  could be used f o r  a l f f e r e n t  alms,  e : ~ : ,  f o r  
t e s t i n g  i n t u i t i v e  d e c i s i o n s ,  f o r  improving i n t u i t i v e  d e c l s l o n s ,  
f o r  examining t h e  e f f e c t  of informat ion exchange between t h e  de- 
c i s i o n  makers, and f o r  simulating n e g o t i a t i o n ,  coopera t ion ,  and 
c o a l i t i o n .  A n y  way, t h e  man-model i n t e r a c t i v e  d e c i s i o n  process  
o r  t h e  i n t e r v e n t i o n  of human d e c i s i o n  i n  t h e  r e g i o n a l  e v o l u t i o n  
p rocess  is a t  t h e  core  of our i n t e r e s t .  
The flow diagram of -  Figure  3 summarizes t h e  above d i s c u s -  
s  ions .  
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Figure 3. Flows in decision simulation. 
7 . 2 .  o u t l i n e  of t h e  Nodel S t r u c t u r e  
The model i s  t o  be c o n s t r u c t e d  a s  an  i n t e l l i g i b l e  and per-  
suas ive  one. For t h i s  purpose, b e s t  use should be made of r e a l -  
i s t i c  v a r i a b l e s  backed by d a t a ,  and a  powerful  means of modeling 
and s i m u l a t i o n  [such a s  I S M  ( I n t e r p r e t i v e  S t r u c t u r a l  Model ing) ,  
DEMATEL (Decis ion Naking T r i a l  and Evaluat ion L a b o r a t o r y ) ,  econ- 
ometr ic  modeling, input-output  a n a l y s i s ,  systems dynamics, (rnuit i-  
o b j e c t i v e )  mathematical  programming and o p t i m i z a t i o n ,  d e c i s i o n  
a n a l y s i s ,  gaming, o r  u t i l i t y  e v a l u a t i o n ]  should  be a p p r o p r i a t e l y  
u t i l i z e d .  Also t h e  model is t o  be segmented i n t o  s e c t o r a l  mod- 
u l e s ,  and t o  be f l e x i b l e  enough t o  t r e a t  c u r r e n t  problems of in-  
t e r e s t  such a s  r e source  s h o r t a g e ,  t h e  gap between supply and 
demand of v a r i o u s  goods, and environmental  c r i s e s .  
F i g u r e s  U and 5 show t h e  concep tua l  framework of t h e  whole- 
Kinki- regional  model and t h e  i n t e r r e l a t i o n  s t r u c t u r e  among t h e  
subreg iona l  models, r e s p e c t i v e l y .  The whole-regional  model is 
mainly used f o r  gaming d e c i s i o n s  among t h e  c i t i z e n s ,  e n t e r p r i s e s ,  
and t h e  government, whi le  t h e  i n t e r r e l a t e d  subreg iona l  model is 
used f o r  gaming d e c i s i o n s  among t h e  subreg iona l  ( p r e f e c t u r a l )  
governments. Those models can a l s o  be used,  if we wish,  f o r  a  
normative planning s imula t ion .  
7 . 2 . 1 .  Decision and Activity 
The p r i n c i p a l  d e c i s i o n  v a r i a b l e s  and/or a c t i v i t y  v a r i a b l e s  
a r e  a s  fo l lows.  
Citizen 
- propens i ty  t o  consume 
- p a t t e r n  of consumption 
- propens i ty  t o  save  
- p a t t e r n  of sav ing ,  e t c .  
- investment p o l i c y  
- produc t ion  p o l i c y  
- technology innova t ion  
- f a c t o r y  a l l o c a t i o n ,  e t c .  
- t a x a t i o n  p o l i c y  
- budgeting p o l i c y  
- f i n a n c i a l  po l i cy .  
7 . 2 .  2. Hard 2onsrraints 
The hard  c o n s t r a i n t s  t h a t  a r e  r i g i d l y  s e t  according t o  t h e  
r e g i o n a l  o r  t h e  exogeneous l i m i t a t i o n s  a r e  exempl i f ied  by t h e  
fo l lowing.  
Industrial  and Economic Sector 
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Industries 
Production Function, 
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Demand and Supply, 
i 
I 
4- 
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Public F a c i l i t i e s ,  
Land Use Sector 
Agricultural Use. 
Industrial  Use, 
Residential  Use, e t c .  
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Natural Environment Sector 
Figure  4 .  The whole reg iona l  node i .  
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F i g u r e  5 .  S u b r e y  i o n a l  n ~ o d e l s  arid t h e i r  i n t e r r e l a t i o n s .  
.yaw m a t e r i a  L 
- import r e s t r i c t i o n .  
Land and wa te r  
- i n h a b i t a b l e  a r e a  
- c u l t i v a t a b l e  a r e a  
- rese rved  f o r e s t  and green a r e a  
- upper bound of water supply ,  e t c .  
Produc t i on  
- c a p i t a l  s tock  
- l abor  f o r c e ,  e t c .  (by i n d u s t r i e s ) .  
Demand 
- upper bound of expor t ,  e t c .  
7 .  2 .  3 .  S o f t  C o n s t r a i n t s  
The s o f t  c o n s t r a i n t s  t h a t  a r e  determined more o r  l e s s  ac- 
cording t o  human i n t e n t i o n  o r  p re fe rence  a r e  exempli f ied  by t h e  
fol lowing.  
Income SzveL 
- dispensab le  income per  c a p i t a .  
Yous ing  Leve L 
- number and q u a l i t y  of housings 
- f l o o r  a r e a  pe r  c a p i t a .  
? u b i i c  f a c i l i t i e s  
- medical  
- s a f e t y  
- educat ion and c u l t u r e  
- t r a n s p o r t a t i o n  
- ~ o r n r n u n i c a ~ ~ o n  
- l e i s u r e .  e t c .  
~ V a t u r a  L env i ronmen t  
- a i r  p o l l u t i o n  (SO,) 
- water  p o l l u t i o n  (BOD) 
- d u s t  
- s o l i d  sewage 
- noise  and v i b r a t i o n  
- s a f e t y  from n a t u r a l  d i s a s t e r s  
- green  a r e a ,  e t c .  
Soc ia  L s e c u r i t y  
- f o r  c h i l d r e n ,  aged, handicapped, s i c k .  
Some i tems i n  t h e  s o f t  c o n s t r a i n t s  a r e  considered t o  be t h e  
i n d i c a t o r s .  
7 .  2 .  5 .  O t h e r  remarks  
The popu la t ion  s e c t o r  is a  SD type  inodei c a l c u l a t i n g  t h e  
y e a r l y  popu la t ion  and l a b o r  change. The i n d u s t r i a l  and economic 
s e c t o r  is composed of submodels f o r  i n d u s t r i a l  p roduc t ion ,  econ- 
omy, and f inance .  
7 . 3 .  Some Resu l t s  of  Simulat ion 
Some of t h e  t y p i c a l  r e s u l t s  ob ta ined  i n  o u r  exper imenta l  
s imula t ion  a r e  i l l u s t r a t e d  i n  F igures  6 t o  13. 
8. CONCLUSION 
A p r a c t i c a l  method of m u l t i o b j e c t i v e  p lanning based on a  
model of t h e  l i n e a r  programming t y p e  has been developed.  Our 
approach s t a r t s  wi th  a  problem having a  s i n g l e  o b j e c t i v e  and 
s e v e r a l  s o f t  c o n s t r a i n t s .  Adjustment of t h e  s e t  va lues  of t h e  
s o f t  c o n s t r a i n t s ,  which i s  done by f i n d i n g  t h e  p l a n n e r ' s  p r e f e r -  
ence ,  g i v e s  us a  p o i n t  of s a t i s f a c t o r y  compromise between t h e  
a t t a i n m e n t  of t h e  o b j e c t i v e  and t h e  requirement on t h e  c o n s t r a i n t s .  
For t h i s  purpose,  f i r s t  t h e  c o n s t r a i n t  components t h a t  must 
be re laxed  f o r  g e t t i n g  f e a s i b i l i t y  of t h e  o r i g i n a l  problem a r e  
found. Second, p r e f e r r e d  s e t  va lues  of t h e  i n c o n s i s t e n t  con- 
s t r a i n t s  and t h e  p r e f e r r e d  s o l u t i o n  of  t h e  o r i g i n a l  problem a r e  
determined by an i n t e r a c t i v e  procedure  u t i l i z i n g  t h e  concept  of 
s u r r o g a t e  worth t r a d e - o f f .  A s p e c i a l  procedure is invented t o  
d e a l  wi th  more than two o b j e c t i v e s .  
The proposed method was a p p l i e d  t o  a  type  of optimum land-  
use  p lanning i n  a  r u r a l  region of Japan.  The r e s u l t  ob ta ined  
g i v e s  an impor tan t  sugges t ion  f o r  t h e  r a t i o n a l  a g r i c u l t u r e  plan- 
ning of t h e  region.  
An ex tens ion  of t h e  xethod t o  a  more ;enera1 c l a s s  of nathe- 
m a t i c a l  programming has a l s o  been i n v e s t i g a t e d ,  and w i l l  be re-  
por ted  i n  a  s e p a r a t e  paper .  
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Increase ratio in production 
Indicator 1 2 3 4 5 6 7 8 9 
Increase 
ratio ( 5 )  3.8 -0.2 -0.8 6.2 16.9 5.0 12.4 21.1 11.9 
Figure 6. Simulation I-(1) Maximization of dispensible income. 
I n c r e a s e  r a t i o  i n  production 
I n d i c a t o r  1  2 3  4  5 6 7 8 9 
I n c r e a s e  
r a r i o  (%) 1 . 3  - 1 3 . 3  - 5 . 3  - 1 . 3  1 4 . 7  0 . 6  - 0 . 3  0 . 2  5 . 4  
F i g u r e  7 .  S i m u l a t i o n  I- ( 2  Optimization of  n a t u r a l  envi ronment .  
I n c r e a s e  r a t i o  i n  p r o d u c t i o n  
I n d i c a t o r  I 2  3  4 5 6  7 8  9  
I n c r e a s e  
r a t i o  ( X )  1 1 . 5  - 1 3 . 8  - 3 . 4  0 .0  1 9 . 2  9 . 3  - 0 . 6  1 5 . 3  1 6 . 2  
Figure 8 .  S i m u l a t i o n  I - ( 3 )  N a x i m i z t i o n  of s o c i a l  s e c u r i t y .  

Inc rease  r a t i o  i n  product ion 
I n d i c a t o r  1 2 3 4 5 6  7 8 9  
I n c r e a s e  
r a t i o  ( 5 )  8 . 4  - 9 . 4  - 1 . 3  5 . 7  1 4 .  6 . 1  1 3 . 5  6 . 3  9 . 7  
Figure  1 0 .  Simulat ion 11- ( 1  ) 15  percen t  i n c r e a s e  of  d i spensab le  
income per  c a p i t a .  
- 
3 4 1 2 3 0 
I n c r e a s e  r a t i o  i n  p r o d u c t i o n  
I n d i c a t o r  1 2  3  4 5 6 7 8  9  
I n c r e a s e  
r a t i o  ( 5 )  22.1  1 3 . 9  8 . 3  23 .1  1 2 . 3  1 7  . 0  3 6 . 2  3 0 . 0  2 0 . 9  
F i g u r e  1 1 .  S i m u l a t i o n  1 1 - ( 2 )  1 0  p e r c e n t  d e t e r i o r a t i o n  of 
n a t u r a l  e n v i r o n m e n t .  
I n c r e a s e  r a t i o  i n  p roduc t ion  
I n d i c a t o r  1  2  3  4  5 6  7  8  9 
I n c r e a s e  
r a t i o  ( 5 )  3 2 . 6  1 7 . 8  1 4 . 2  3 1 . 8  2 4 . 6  2 3 . 9  2 3 . 8  3 6 . 5  2 6 . 8  
Figure  1  2. Simula t ion  11- ( 3 )  50 p e r c e n t  d e t e r l o r a t i o n  of 
n a t u r a l  environment.  
I n c r e a s e  r a t i o  i n  product ion 
I n d i c a t o r  1 2  3  4 5 6 7 8  9 
I n c r e a s e  
r a t i o  ( X )  1 9 . 5  - 1 3 . 8  6 . 4  1 7 . 7  2 4 . 4  1 5 . 3  1 5 . 2  2 8 . 7  1 8 . 7  
Figure  1 3 .  Simulat ion T I - ( * )  Three t imes i n c r e a s e  i n  a n t i -  
p o l l u t i o n  investment.  
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1 . INTRODUCTION 
Environmental systems a r e  g e n e r a l l y  considered a s  mul t ip le -  
o b j e c t i v e  systems.  In  such sys tems,  o b j e c t i v e s  a r e  g e n e r a l l y  
nonconnnensurable, t h a t  i s ,  t hey  cannot be compared wi th  each 
o t h e r  i n  terms of common u n i t s  of measurement. Faced wi th  t h i s  
kind of s i t u a t i o n ,  our  problem is  how t o  c o n s t r u c t  a  p roper  s t a n -  
dard  f o r  o b t a i n i n g  an opt imal  d e s i g n  of such complex systems.  In  
o t h e r  words, we a r e  concerned wi th  c o n s t r u c t i n g  a  comprehensive 
s t a n d a r d  f o r  management, p lanning,  and e v a l u a t i o n  of environmen- 
t a l  systems. 
I n  environmental  systems planning,  our main concern is  t h e  
mainta ining and improving of t h e  q u a l i t y  of l i f e .  The aim of 
t h i s  paper is t o  p resen t  a  dev ice  f o r  numerical  measurement of 
s a t i s f a c t i o n  l e v e l s  f o r  r e s i d e n t s  i n  a  g iven  region.  A n  o v e r a l l  
we l fa re  index w i l l  be de r ived  a s  a  s t andard  f o r  environmental  
s v a i u a t l o n .  
Zecent ly ,  t h e  u t i l i t y  approach has a t t r a c t e d  i n c r e a s i n g  
a t t e n t i o n  i n  va r ious  f i e l d s .  In  t h i s  paper ,  t h e  use fu lness  of 
t h i s  approach over  conventional o p t i m i z a t i o n  methods, such a s  
t h e  P a r e t i a n  approach,  i s  examined. However, t h e  u t i l i t y  ap- 
proach i n e v i t a b l y  inc ludes  inde te rmina teness  and a r b i t r a r i n e s s .  
For overcoming t h e s e  problems t h e  a u t h o r s  propose a  new r e v i s e d  
method f o r  systems e v a l u a t i o n  which combines e x t e r n a l  methods 
with m u l t i a t t r i b u t e  u t i l i t y  a n a l y s i s .  it w i l l  be shown t h a t  
t h i s  new method i s  more e f f i c i e n t  i n  t h e  computat ional  p rocess  
of u t i l i t y  assessment.  Next, t h i s  dev ice  w i l l  be demonstrated 
f o r  t h e  problem of environmental  e v a l u a t i o n  i n  t h e  Kinki indus-  
t r i a l i z e d  a r e a  i n  Japan.  Some r e s u l t s  a r e  p resen ted  and an over  
a l l  u t i l i t y  f u n c t i o n  de r ived .  Based on t h e  e v a l u a t i o n ,  some 
suggestions for the reformation of industrial structure are pro- 
posed. Speclal stress is placed on the usefulness of extremal 
methods in obtaining dual optimal solutions for systems evalua- 
tion rather than in the acquisition of primal optimal solutions. 
2. CRITERIA FOR EFFECTIVE NETHODS FOR ENVIRONIIENTAL SYSTLYS 
ANALY S IS 
Environmental systems are distinguished by the fact that 
they are all large-scale and include many kinds of elements. It 
seems that a hierarchical modeling of multilevel systems in an 
orderly arrangement will be most efficient for analyzing this 
kind of large-scale system. Hierarchical modeling has two as- 
pects: systems decomposition and coordination. This means that 
the elements included in a given system will be decomposed into 
subsystems and then consolidat2d consistently. We treat the 
elements in terms of various levels of objectives. An objectives 
hierarchy will be constructed corresponding to the systems de- 
composition and coordination. The following structuring of ob- 
jectives provides a basis for the methodology for treating the 
hierarchical system: (i) decomposition of an overall objective 
for the system into many attributes; (ii) ordering of the attri- 
butes, which are considered as objectives in the subsystems, in 
an objectives hierarchy; (iii) consolidation of the objectives 
in the subsystems into a unified comprehensive objective. The 
criteria proposed here for the structuring of objectives have a 
decision support orientation. This implies the following cri- 
teria for a useful methodology: 
- handling of noncommensurab~lity, a characteristic shared 
by many elements in environmental systems; 
- articulation of value trade-offs between conflicting ob- 
j ectives ; 
- practical possibility of determining priority among many 
objectives ; 
- interactive or sequential processes of decision making. 
In practice, possible participation of citizens as well 
as knowledgable persons; 
- clarification of evaluation for the systems design and 
?olicy proposals based an lt: 
- zsnslcera~~on and preseryraclon 3: 3120r elements involved 
in the system. 
In view of these criteria for selection of a methodology, we will 
present a short methodological review in the following sectlon. 
3. 4 XETHODOLOGICAL REVIEW 
3.1. Nultiple-Objective Optimization Methods I 
The main aim of multiple-objective optimization methods is 
to select tne preferred solution as the best compromise solution 
from among noninfer~or solutions (Pareto-optimal solutions). 
There a r e  t h r e e  c l a s s e s  of approaches by which t h e  p r e f e r r e d  
s o l u t i o n s  can be found. The f i r s t  is t h e  n o s t  s u l t a b l e  f o r  iden- 
t i f i c a t i o n  of t h e  P a r e t o  admiss ib le  f r o n t i e r  a s  a  n o n i n f e r i o r  set .  
The weighting method and c o n s t r a i n t  method, which belong t o  t h i s  
c l a s s ,  can provide  much in fo rmat ion  about  Pare to-opt imal  t r a d e - o f f  
r a t e s  among o b j e c t i v e  f u n c t i o n s .  These methods have been a t i l i z e c  
f o r  op t ima l  d e s i g n  of environmenta l  systems [ I ,  2 ; .  However, 
t h e s e  methods themselves cannot de termine  t h e  b e s t  compromise 
polnc  i n  t h e  P a r e t o  a d m i s s i b l e  f r o n t i e r .  For example, t h e  weight-  
ing  parameters  of t h e  weight ing method must be determined from 
o u t s i d e  t h e  system. The monovalue system i s  c h a r a c t e r i s t i c  f o r  
t h i s  method. Convent ional ly ,  p r i c e  r a t i o s  f o r  t h e  components of 
GNP have been u t i l i z e d  a s  t h e  weight ing parameters  i n  t h i s  pre-  
examined c r i t e r i o n .  More r e c e n t l y ,  Dorfman and Jacoby [3] i n t e r -  
p r e t e d  t h e  parameters  a s  " p o l i t i c a l  weights"  a t t a c h e d  t o  u t i l i t y  
f u n c t i o n s  f o r  s o c i a l  i n t e r e s t  groups.  Even i n  t h i s  c a s e ,  consen- 
s u s  among people ,  expressed  a s  t h e  r e l a t i v e  op t ima l  we igh t s ,  had 
t o  be brought  about by s ing le -Leve l  d e c i s i o n  making e x t e r n a l  t o  
t h e  system. I n  a d d i t i o n ,  t h e  c o n s t r a i n t  method i s  computa t iona l ly  
i n e f f i c i e n t .  
The second c l a s s  of approaches  can  c l e a r l y  a r t i c u l a t e  p r e f e r -  
ences  among many o b j e c t i v e  f u n c t i o n s .  Goal programming, a s  w e l l  
a s  t h e  Lexicographic  approach,  have unique c h a r a c t e r i s t i c s  f o r  
s e t t i n g  t a r g e t s  o r  o r d e r i n g  o b j e c t i v e s .  They w i l l  be e x c e l l e n t  
methods i f  p r i o r i t y  among t a r g e t s  is c l e a r - c u t  o r  t h e  p r e f e r e n c e s  
f o r  t h e  o b j e c t i v e s  have been predetermined.  However, t h e  informa- 
t i o n  they p rov ide  concerning t h e  b e s t  compromise s o l u t i o n  i s  s t i l l  
e x t e r n a l  t o  t h e  system: f u r t h e r ,  t h e y  do n o t  e n a b l e  e x p l i c i t  quan- 
t i f i c a t i o n  of v a l u e  t r a d e - o f f s .  
The t h i r d  c l a s s  aims a t  d e r i v i n g  t h e  p r e f e r r e d  s o l u t i o n  from 
a  n o n i n f e r i o r  s e t  by means of i n t e r a c t i v e  p rocesses .  U t i l i t y  
f u n c t i o n s ,  o r  worth f u n c t i o n s ,  a r e  u t i l i z e d  a s  t h e  c r i t e r i a  f o r  
t h e  d e t e r m i n a t i o n  of o r d e r i n g  and f o r  seek ing  t h e  p r e f e r r e d  p o i n t  
among n o n i n f e r i o r  ( P a r e t o  a d m i s s i b l e )  s o l u t i o n s .  Th i s  method can 
a l s o  c a r r y  o u t  t h e  e x p l i c i t  q u a n t i f i c a t i o n  of va lue  t r a d e - o f f s  
among o b j e c t i v e s .  
3 . 2 .  U t i l i t y  Approach f o r  P re fe rence  Ordering 
i~ ; e n r r a i ,  the  ccilizy f u n c t l s n s  irs 2 n2p312q f z s n  3.2 - -  
dimensional  Eucl idean space  Em t o  E' ,and a r e  regarded a s  i a d i c e s  
o r  s c o r e s  t o  be u t i l i z e d  f o r  numerica l  neasurement of degrees  of  
s a t i s f a c t i o n  a t t a c h e d  t o  t h e  e f f e c t i v e n e s s  of  o b j e c t i v e  f u n c t i o n s .  
The r e p r e s e n t a t i o n  of p r e f e r e n c e  f u n c t i o n s  has  two a s p e c t s :  
I (ii) : a + 2 ,  ( 2  C E ) 
where :: i s  a  d i r e c t  p roduc t  s e t  of  a l t e r n a t i v e  p l a n s  of a c t i o n .  
"a) is a  v e c t o r  t h a t  expresses  a  consequence of t h e  a c t i o n .  .? 
i s  a  magnitude of p re fe rence  numerica l ly  expressed  i n  terms of a  
r e a l  ( s c a l a r )  va lue .  9 i s  a  s t r u c t u r a l  f u n c t i o n  t h a t  d e s c r i b e s  
. , t h e  s t r u c t u r e  of t h e  system. 2 i s  c a l l e d  ; h e  r n x l z t c c t r % ~ u c z  
. -  . 
~ ; ; ~ t t y  funcrion, and has t h e  consequences ?(a) of an a c t i o n  z 
a s  i t s  cz z : r<3uzz s .  The p r e f e r r e d  s o l u t i o n s ,  as  t h e  h i g h e s t  p o i n t  
of t h e  p r e f e r e n c e ,  can be expla ined a s  fo l lows .  
Suppose t h a t  we accep t  a  d e c i s i o n  making system. The pre- 
f e r r e d  s o l u t i o n s  a r e  def ined by a  p o i n t  where t h e  Pare to  admis- 
s i b l e  t rade-off  r a t e s  between o b j e c t i v e s  
c o i n c i d e  wi th  t h e  s o c i a l  marginal  r a t e  of s u b s t i t u t i o n  
supposed t o  be provided by a  d e c i s i o n  maker. In  two-dimensional 
o b j e c t i v e  func t ion  space  (F igure  I ) ,  poin t  E shows t h e  p r e f e r r e d  
s o l u t i o n  i n  t h e  Pare to  admiss ib le  f r o n t i e r .  Although p o i n t s  C 
and D a r e  a l s o  i n  t h e  Pare to  f r o n t i e r ,  t h e r e  i s  n o t  such a  coin-  
c idence.  A t  p o i n t  E ,  t h e  P a r e t i a n  t r ade-of f  r a t e  i s  l a r g e r  than 
t h e  s o c i a l  marginal  r a t e  of s u b s t i t u t i o n .  Th i s  means t h a t ,  a t  
t h i s  p o i n t ,  t h e  d e c i s i o n  maker has a  s m a l l e r  e v a l u a t i o n  f o r  t h e  
t rade-off  r a t e  than t h e  P a r e t i a n  shows. A t  poin t  3, t h e  s i t u a -  
t i o n  i s  reversed .  Point  A and p o i n t  B a r e  i n e f f i c i e n t  ( i n f e r i o r )  
p o i n t s .  
f i l  , \A s o c i a l  i n d i f f e r e n c e  contour  
E 
1 " reg ion  
0 1" / - -- 
a i g u r e  1 .  Pare to  admissible f r o n t i e r .  
There a r e  two ways t o  f i n d  t h e  p r e f e r r e d  s o l u t i o n s  wich any 
sea rch  procedure.  One i s  t o  d e r i v e  a  P a r e t i a n  f r o n t i e r  mathe- 
m a t i c a l l y ,  and then  t o  g i v e  a  worth t o  each t rade-off  r a t e  i n  
t h e  f r o n t i e r .  I f  t h e  e v a l u a t i o n  S i j  of t h e  t rade-off  r a t e  by 
t h e  d e c i s i o n  maker is  p r e f e r a b l e  t o  t h e  P a r e t i a n  t rade-off  r a t e  
h , ; j ,  t h e  P a r e t i a n  t rade-off  r a t e  w i l l  be enhanced along t h e  
Pare to  f r o n t i e r ,  and v i c e  v e r s a .  Consequently,  t h e  p o i n t  where 
t h e  t rade-off  r a t e  f o r  t h e  d e c i s i o n  maker c o i n c i d e s  wlch t h e  
P a r e t i a n  t rade-off  r a t e  w i l l  be found. The s u r r o g a t e  worth t r a d e -  
o f f  (SWT) method, which has  been developed by Haimes and Hal l  [ 4 ;  , 
is based on t h i s  approach. They c o n s i d e r  t h e  t r ade-of f  r a t e s  a s  
a  f u n c t i o n  of t h e  p r e s e n t  l e v e l  of o b j e c t i v e s ,  l e t  us  c a l l  them 
t h e  t r ade-of f  r a t e  f u n c t i o n s ,  and a l s o  l e t  u s  c a l l  t h e  worth a t -  
tached t o  t h e  t rade-off  r a t e  f u n c t i o n  t h e  s u r r o g a t e  worth func- 
t i o n .  For t h i s  method, a  p r e c i s e  s p e c i f i c a t i o n  of f u n c t i o n a l  
forms and p r e s u p p o s i t i o n  of t h e i r  d i f f e r e n t i a b i l i t y  a r e  r e q u i r e d .  
Thealother way of f i n d i n g  t h e  p r e f e r r e d  s o l u t i o n s  i s  t o  f i n d  
d i r e c t l y  t h e  h i g h e s t  po in t  of s o c i a l  p re fe rence  a t t a c h e d  t o  each 
performance l e v e l  of  o b j e c t i v e s  i n  t h e  f e a s i b l e  r eg ion .  The prob- 
lem is formulated a s  fo l lows  
max U I Y 1 , Y  2 , . . . ,  Y ] 
r C R n 
The m u l t i a t t r i b u t e  u t i l i t y  f u n c t i o n  (MU??) u i s  a  mapping from Em 
t o  E 1  a s  s t a t e d  above. Ti ( i = l , .  . . , m )  i s  an a t t r i b u t e  of t h e  
u t i l i t y  f u n c t i o n  and is  considered a s  a  numerical  va lue  of t h e  
o b j e c t i v e  f u n c t i o n  ji which i s  a  mapplng from En t o  El. 2 is  a 
f e a s i b l e  r e g i o n  which is a  subse t  of E n .  z j  is an n-dimensional 
d e c i s i o n  v e c t o r .  In  an o b j e c t i v e s  h i e r a r c h y ,  fi i t s e l f  is  usu- 
a l l y  a  u t i l i t y  func t ion .  I n  such c a s e s  t h e  problem is t o  f i n d ,  
i n  t h e  f e a s i b l e  r eg ion  R ,  a  po in t  r = ( z l  , z 2 , .  . . , z 4 )  maximizing 
where X J  is  a  v e c t o r  whose component i s  z , : .  Frobablv z: i s  a l s o  
a  v e c t o r .  The procedure f o r  f l n d i n g  an o v e r a l i  m u l e a t t r i b u t e  
u t i l i t y  f u n c t i o n  ( 2 )  i s  c a l l e d  q e s  t i n g .  Zxpression ( 2 )  i n d i c a t e s  
a  decomposition of t h e  system i n t o  a subsystems. The n e s t i n g  
~ r o c e d u r e s  can be executed one a f t e r  ano the r  i n  t h e  o b j e c t i v e s  
h i e r a r c h y .  
I t  is  n o t  r e q u i r e d  f o r  t h i s  approach t o  d e r l v e  t h e  P a r e t i a n  
f r o n t i e r  t o  o b t a i n  the  p r e f e r r e d  s o l u t i o n .  I n  t h e  p rocess  of de- 
r i v i n g  t h e  m u l t i a t t r i b u t e  u t i l i t y  f u n c t i o n ,  it i s  necessary  t o  
weight each u t i l i t y  f u n c t i o n  wi th  a  parameter which i s  c a l l e d  a  
s c a l i n g  c o n s t a n t .  The s c a l i n g  c o n s t a n t s  a r e  c a l c u l a t e d  by f ind-  
ing  i n d i f f e r e n t  p o i n t s  between each a t t r i b u t e .  Because t h e  
attributes are objectives at a lower level of the objectives 
hierarchy, the indifference experiments can articulate value 
trade-offs between the objective functions at the lower level. 
Thus, both of these methods for finding the ?referred solu- 
tions seek the same point-though from different directions- 
during interactive processes for worth assessment. The multi- 
attribute utility analysis, which belongs to the latter approach 
has been developed by Raiffa, Keeney, and others [5, 6, 7, 8 1  
etc. Since,with this method, it is not necessary to obtain any 
specific identification of the mathematical forms of any of the 
functions, this method is especially suitable for decision making 
under uncertainty. However, assumptions of preferential indepen- 
dence and utility independence are required [9]. These assump- 
tions will be fulfilled more satisfactorily under the proper de- 
composition of systems and with the nesting procedure, which has 
been suggested. 
4. AN ALTERNATIVE UTILITY APPROACH: THE NESTED LJLGRANGIAN 
XULTIPLIER METHOD 
An alternative method for systems evaluation using the util- 
ity analysis is now proposed. This method is based on an original 
rnterpretation of the Lagrangian mutlipliers as shadow prices. 
Consider a general mathematical optimization problem: find 
a point =* to maximize 
sub j ect to 
:.Icere the constralnt : s :  corresponds z g  3 taz~et z ~ n s t r 2 ~ n t  in- 
2osed by the declslon xaker, cne constralnt ( 5 )  a ~ecnnlcal con- 
stralnt given by technological conditions, z is an q-dimensional 
vector whose components are declsion variables and f i ( z )  is an 
objective function. The subscrrpt C shows a problem number. In 
the stratified multiple-objective decision system, a set of mathe- 
natical programming formulations will be applied at the lower 
level. That is, the multiple-objective (vector optimizatlon) 
problem in the overall system is decomposed into many single- 
objective (scalar optimizatlon) problems (3) and (6) as subsys- 
tems in a separable Zorm at the lower level. In these indepen- 
dent subproblems, the target constraint will be obtained from 
the upper level by the decision maker. Therefore, the target 
constraints themselves can be regarded as the objectives at  he 
upper level in a multiechelon system. 
A t  t h e  optmlmum s i t u a t i o n ,  t h e  Lagrangian m u t l i p l i e r  ,Aij, 
corresponding t o  t h e  j t h  t a r g e t  c o n s t r a i n t  i n  t h e  i t h  problem, 
can be i n t e r p r e t e d  a s  t h e  inc remen ta l  p r i c e s  of  c o n s t r a i n t  re-  
qul rements  measured i n  u n i t s  of  t h e  o b j e c t i v e .  I n  o t h e r  words,  
t h e  Lagrangian m u l t i p l i e r  X i . j  shows a  marginal  u n i t  of t h e  t a r -  
g e t  c o n s t r a i n t  c o n s t a n t  a j  t o  be t r aded-o f f  f o r  one a d d i t i o n a l  
u n i t  o f  t h e  o b j e c t i v e  f u n c t l o n  ft. T h i s  interpretation c o ~ n c i d e s  
wi th  t h a t  of Luenberger [ l o ] .  The Xij correspond t o  t h e  oppor- 
t u n i t y  c o s t  o r  t h e  shadow p r i c e .  The l a r g e r  Xjj, t h e  s m a l l e r  
t h e  o p p o r t u n i t y  c o s t  of a j  , measured i n  te rms of one marg ina l  
u n i t  of s a c r i f i c e  of f,;. This  means t h a t ,  i n  t h e  p r e s e n t  condi-  
t i o n s ,  t h e  degree  of s a t i s f a c t i o n  f o r  t h e  performance l e v e l  of 
a , j  is a l r e a d y  h igh .  Converse ly ,  t h e  s m a l l e r  .Ajj, t h e  i a r g e r  t h e  
o p p o r t u n i t y  c o s t  of oj, measured i n  terms of a  marg ina l  u n i t  of 
f i .  T h i s  means t h a t  t h e  degree  of s a t i s f a c t i o n  f o r  t h e  p r e s e n t  
l e v e l  of  t h e  performance of aj is s t i l l  low. 
Sased on t h i s  i n t e r p r e t a t i o n  of t h e  Lagrangian m u t l i p l i e r s  
i n  t h e  opcimum s i t u a t i o n ,  t hey  a r e  h e r e i n  u t i l i z e d  f o r  worth as-  
sessment  of t h e  system whose p r o p e r t y  has been d e s c r i b e d  i n  t h e  
mathemat ica l  programming f o r m u l a t i o n .  The e v a l u a t i o n  p rocedure  
is a s  fo l lows :  
S t z p  I .  Devislng a  ? r e f e r e n c e  h i e r a r c h y  co r re spond ing  t o  
an o b j e c t i v e s  h i e r a r c h y .  Th i s  s t e p  i s  composed-of decomposi t ion  
of o b j e c t i v e s  and t h e i r  stratification. I n  s t r a t i f i e d  sys t ems ,  
d e c i s i o n  making i s  more c o n c r e t e  and more c o n t r o l l a b l e  a t  lower 
l e v e l s ,  and more compl ica ted  and l e s s  c o n t r o l l a b l e  a t  h i g h e r  
l e v e l s .  
5 t a p  2 .  Devis ing  a  mathemat ica l  ?rogramming fo rmula t ion  
f o r  each subsystem a t  t h e  lower l e v e l  o f  t h e  s t r a t i f i e d  system. 
S t e p  3 .  C a l c u l a t i o n  of t h e  shadow g r i c e s  and t h e i r  u t i l i z a -  
t i o n  a s  measures of t h e  e f f e c t i v e n e s s  of t h e  c o n s t r a i n t  r e q u i r e -  
ments. 
S t z p  4 .  Conversion of s c a l e  f o r  t h e  Lagranglan m u t l i p l i e r s  
i n t o  a  s i n g l e - a t t r i b u t e  u t i l i t y  f u n c t i o n .  Tor t h e  u n t i l i t y  func- 
t i o n ,  numer ica l  va lues  of u t i l i t i e s  a r e  i n  t h e  range from 0 t o  1 .  
::?=. - .  ?iestrr,g of =he ~ t i l l t y  f x n c r l c n s  Into ; l u l t l a . - t r i -  
bu te  u c l l l t y  functions. 
5 t z p  5 .  D e r i v a t i o n  of an  o v e r a l l  r e g l o n a l  u t i l i t y  f u n c t i o n .  
S t e p  3 r e s u l t s  i n  s o l v i n g  t h e  s t a n d a r d  mathemat ica l  program- 
ming problems. I n  s t e p  $ ,  because t h e  numer ica l  valuation of  
u t i l i t i e s  i s  determined up t o  l i n e a r  t r a n s f o r m a t i o n  [ I l l ,  t h e  
conver s ion  of s c a l e  w i l l  be l i n e a r .  The s c a l ~ n g  method i s  de- 
p i c t e d  i n  F i g u r e  2 ( 1 3 1 .  For s t e p s  5 and 6 ,  t h e  m u l t i a t t r i b u c e  
u t i l i t y  f u n c t i o n  method by R a i i f a ,  KeMey, and o t h e r s  can be ap- 
? l i e d .  
Xe c a l l  t h l s  method t h e  r e v ~ s e d  m u l t l a t t r l b u t e  u t l l i t y  func- 
t i o n  method o r  ' h e  ,Veszad i~grzngian M u ~ l i p l i z r  'YMLI , Y e t h o d .  
F i g u r e  2 .  S c a l i n g  o f  t h e  shadow p r i c e s .  
11 .1 .  Remark 1 
Although o u r  method has  s i m i l a r  c h a r a c t e r i s t i c s  b o t h  t o  t h e  
SWT method and t h e  MUF method, it  a l s o  has  s e v e r a l  d i f f e r e n t  
p r o p e r t i e s .  
I n  s o l v i n g  a m u l t i o b j e c t i v e  o p t i m i z a t i o n  problem, a l though  
t h e  SWT ~ e t h o d  c o n s i d e r s  t h e  problem a s  a v e c t o r  o p t i m i z a t i o n  
problem, i n  p r a c t i c e  it t r e a t s  a l l  t h e  o b j e c t i v e  f u n c t i o n s ,  ex- 
c e p t  one ,  a s  c o n s t r a i n t s  i n  t h e  problem. I n  consequence ,  t h e  
Lagrangian a u t l i p l i e r s  a r s  i n t s r ? r e t e d  as  t h e  t zace -o f f  r a z 2  
f . m c t l o n  between t h e  o b ] e c t l v e s .  The wor th  a s ses smen t  is i n a i -  
r e c t l y  g i v e n  t o  t h e  t rade-of f  f u n c t i o n  i n s t e a d  of  t h e  o b j e c t i v e  
f u n c t i o n s .  I n  o u r  method, from t h e  beg inn ing ,  based on t h e  con- 
s t r u c t i o n  of  a  hierarchical model ing ,  a  v e c t o r  o p t i m i z a t i o n  prob- 
lem i s  t r e a t e d  a s  a s e t  of s c a l a r  o p t i m i z a t i o n  subproblems a t  t h e  
lower l e v e l .  F u r t h e r ,  each  subproblem i t s e l f  is c o n s i d e r e d  t o  
r e p r e s e n t  a  composi te  of  n u l t i l e v e l  o b j e c t i v e s .  I j i l i  p r e s e n t e d  
t h i s  i d e a  f i r s t  [ 1 2 ] .  According t o  t h e  problem f o r m u l a t i o n  of  
sys t ems ,  t h e  Lagrangian r n u l t i 2 l i e r s  a r e  u t i l i z e d  f o r  measurement 
of  t h e  per formance  of upper l e v e l  o b j e c t i v e s  i n  t e rms  of  lower  
l e v e l  o b j e c t i v e s  i n  t h e  rnul t iechelon  sys tems.  The worth a s s e s s -  
inent is z z r e c s l y  g iven  t o  t h e  Lagrangian m u l t i p l i e r s .  The d e v i c e  
f o r  d e r i v i n g  t h e  u t i l i t y  concept  from t h e  Lagrangian  m u l t ~ p l i e r s  
is s imply  t h e  conve r s ion  o f  s c a l e .  In  a c t u a l  env i ronmen ta l  sys -  
t e m s ,  on t h e  o t h e r  hand,  t h e  i n t r o d u c t i o n  of  d e c i s i o n  making i n  
terms of judgement p r o b a b i l i t y  i s  i n e v i t a b l e .  I n  vlew of t h i s  
f a c t ,  a t  t h e  upper l e v e l  of a  s t r a t i f i e d  system, we t r y  t o  n e s t  
t h e  s i n g l e - a t t r i b u t e  u t i l i t y  f u n c t i o n s ,  which have been conver ted  
from t h e  Lagrangian m u t l i p l i e r  i n t o  t h e  m u l t i a t t r i b u t e  u t i l i t y  
func t ion .  In t h i s  p r o c e s s ,  t h e  u t i l i z a t i o n  of  t h e  Lagrangian 
m u l t i p l i e r s  f o r  d e r i v a t i o n  of t h e  s i n g l e - a t t r i b u t e  u t i l i t y  func- 
t i o n  w i l l  g r e a t l y  reduce t h e  in te rde rmina teness  and t h e  a r b i r a r i -  
ness  i n  t h e  f i r s t  s t a g e  of worth assessment.  Because numerical  * 
ranges  t o  be taken by t h e  s i n g l e - a t t r i b u t e  u t i l i t y  f u n c t i o n s  a r e  
r e s t r i c t e d  from 0 t o  1 i n  t h e  N U 4  method, t h e  i n d i f f e r e n c e  ex- 
p e r i m e n u  i n  t h e  p rocess  of d e r i v a t i o n  of t h e  m u l t i a t t r i b u t e  
u t i l i t y  f u n c t i o n  can be executed more e f f i c i e n t l y  w i t h  t h i s  method. 
4 . 2 .  Remark 2  
The Lagrangian m u l t i p l i e r s  which have been u t i l i z e d  a s  t h e  
i n v e r s e  image of ( s i n g l e - a t t r i b u t e )  numerical  u t i l i t i e s  have a  
p r e f e r e n c e  r e l a t i o n  among t h e i r  numerical  va lues  a s  w e l l  a s  an 
o p e r a t i o n  ( l i n e a r  convex combination) wi th  a  parameter a .  Namely, 
according t o  Neumann-Morgenstern theory  [ I S ] ,  t h e  e x i s t e n c e  of a  
r e a l  numer S ,  which has  t h e  fo l lowing p r o p e r t i e s ,  can be postu- 
l a t e d  : 
(i) weak o rder ing?  
2  (ii) s ( h 1 1  2 S ( h  ) i f  a n d o n l y  i f  X 1  > X 2 
- 
where X1, A 2  a r e  two d i s t i n c t  v a l u e s  of t h e  Lagrangian m u t l i p l i e r s ,  
and where " > "  means " p r e f e r r e d  t o "  and " - "  means " i n d i f f e r e n t  t o . "  
Based on o u r  i n t e r p r e t a t i o n  of t h e  Lagrangian m u l t i p l i e r ,  it can 
be supposed t h a t  S ( h 2 )  = X 2 .  
The r e a l  number 5 can be l i n e a r l y  t ransformed t o  t h e  numeri- 
c a l  u t i l i t y  concept  which has t h e  same p r o p e r t i e s .  For t h e  nu- 
m e r i c a l  u t i l i t y ,  a l though d i f f e r e n c e s  between u t i l i t i e s  a r e  nu- 
m e r i c a l l y  measurable ,  t h e  p o s i t i o n  of t h e  o r i g i n  and u n i t  of a  
numerical  s c a l e  f o r  t h e  u t i l i t i e s  can be a r b i t r a r i l y  decided.  
In  t h e  fo l lowing s e c t i o n ,  according t o  t h e  ? r scedure  composed 
of s t e p  1 and s t e p  6 which has been desc r ibed  rn  t h i s  s e c t i o n ,  t h e  
nes ted  Lagrangian m u t l i p l i e r  method w i l l  be demonstrated f o r  a  
case  of environmental  systems planning i n  t h e  Osaka a r e a .  
iWeak o r d e r i n g  i s  t h e  p re fe rence  r e l a t i o n  t h a t  s a t i s f i e s  t h e  
fo l lowing  axioms: 
(i) T r a n s i t i v i t y :  i f  d > 3 and a > C t h e n  A 2 c 
(ii) Connec t iv i ty :  d 2 3 o r  a 2 
5 .  DEMONSTRATION OF THE NLY METHOD 
5 . 1 .  Object ive  Area 
The middle of Osaka 3 r e f e c t u r e  i s  one of the  most h ighly  
~ n d u s t r i a l i z e d  a r e a s  of Japan. Th is  a r e a  f a c e s  Osaka Bay and Is 
loca ted  between the  Yodo r i v e r  and t h e  Yamato r i v e r  bas ins  ('Lg- 
u re  3 ) .  The Yodo r i v e r  has many branches .  The l a r g e s t  one of 
them i s  t h e  Kanzaki r i v e r ,  which d e f i n e s  a  boundary between OsaKa 
and Hyogo p r e f e c t u r e s .  Osaka C i t y ,  which is t h e  second l a r g e s t  
i n d u s t r i a l  and commercial a rea  i n  Japan,  i s  loca ted  between rhe  
Kanzaki and t h e  Yamato r i v e r s ,  and has many smal l  c i t y  r i v e r s  
t h a t  a r e  branches of t h e  Yodo r i v e r .  The Neya r i v e r  passes  
through newly i n d u s t r i a l i z e d  a r e a s  i n  t h e  East  Osaka d i s t r i c t .  
The Neya r i v e r  a l s o  has  many smal l  branches ,  and runs  down i n t o  
t h e  c i t y  r i v e r s .  Playing t h e  r o l e  of a  network of sewers ,  t h e s e  
r i v e r s  and t h e i r  branches f i n a l l y  s t ream down i n t o  Osaka Bay. 
The bay i s  a  p a r t  of t h e  Inland Sea,  whlch is t h e  most important  
f i s h e r y  a r e a  i n  Japan. Furthermore,  the  Yodo r i v e r  is an impor- 
t a n t  source  of d r ink ing  water f o r  r e s i d e n t s  n e a r  Osaka. Thus, 
t h e  water  ? o l l u t i o n  i n  t h e  Yodo r i v e r  bas in  has  become i n c r e a s -  
ing ly  s e r i o u s  along wi th  t h e  r a p i d  i n d u s t r i a l  development s i n c e  
1 9 6 0 .  A i r  p o l l u t i o n  i s  a l s o  a t  a  c r i t i c a l  l e v e l  i n s i d e  and out-  
s i d e  of Osaka Ci ty .  I n  a d d i t i o n ,  water supply c a p a c i t y  i s  l i m -  
i t e d  i n  t h e s e  a r e a s .  Although t h e  s i x t h  expansion program of 
t h e  Osaka pub l ic  water supply expanded c a p a c i t y  by more than  1 1  
percent  i n  1 9 7 5 ,  t h e  water resource  problem should s t i l l  be taken 
i n t o  cons idera t ion .  Th is  i s  because,  a l though t h e  c i t y ' s  water  
supply depends heav i ly  on Lake Biwa and t h e  Yodo r i v e r  (which 
flows o u t  of t h e  l a k e ) ,  the  water i n  Lake Biwa and t h e  upper ? a r t  
of t h e  Yodo r i v e r  is drawn on f o r  water s e n i c e s  by o t h e r  p re fec -  
t u r e s  a s  w e l l .  
The l ~ m i t a t i o n s o f l a n d  use i n  and near  Osaka a r e  obvious ,  
s i n c e  i t  is one of the  most densely  populated a r e a s  i n  Japan.  
In  a d d i t i o n  t o  t h e  overconcen t ra t ion  of i n d u s t r i e s  i n  t h e  
Osaka reg ion ,  new s e t t l e m e n t s  and t h e  t r a n s f e r  of ~ l a n t s  t o  newly 
developed a r e a s  i n  t h e  region have r a i s e d  t h e  problem o f .  e q u i t y  
of income d i s t r i b u t i o n ,  because such moves have o f t e n  been moti- 
vated by the  d e s i r e  of i n d u s t r i e s  t o  lower employees wages. 
5 . 2 .  Devising t h e  Object ives  Hierarchy 
A h i e r a r c h i c a l  system i n  t h e  i n d u s t z i a l i z e d  Yodo r i v e r  bas in  
a r e a s  1s shown i n  Figure  4 .  This system i s  composed of two l a y e r s .  
I n  t h e  f i r s t  l a y e r ,  mathematical  programming models a r e  formulated.  
In t h e  second l a y e r ,  d e c i s i o n  a n a l y s i s  is  app l ied .  The r e g i o n a l  
a u t h o r i t y  sends c r i t e r i a  f o r  environmental  c o n t r o l  t o  the  f i r s t  
l a y e r .  These c r i t e r i a  a r e  given a s  c o n s t r a i n t  c o n s t a n t s .  
I n  dev i s ing  t h i s  h i e r a r c h i c a l  system, a  f u n c t i o n a l  decompo- 
s i t i o n  a s  w e l l  a s  a  r e g i o n a l  decomposirion has been c a r r i e d  o u t .  
F i r s t ,  t h e  i n d u s t r i a l  a r e a  has been decomposed i n t o  Osaka Ci ty  
and the  East  Osaka a r e a ,  which L S  composed of t h r e e  smal l  c i t l e s ;  
Yao, Da i to ,  and Higashi Osaka. Secondly, t h e  environmental  c o n t r o l  
F i g u r e  3. Major s o u r c e s  of  w a t e r  p o l l u t i o n  i n  Osaka p r e f e c t u r e ,  
1970.  

planning i n  each c i t y  has been d i v i d e d  i n t o  i n d u s t r i a l  problems 
and r e s i d e n t i a l  problems. In  t h e  i n d u s t r i a l  problems, i n d u s t r i a l  
agenc ies  w i l l  be i n t e r e s t e d  i n  maximizing t h e  ou tpu t  of each in-  
d u s t r y  i n  t h e  reg ion .  I n  t h e  r e s i d e n t i a l  problems, t h e  r e s i d e n t s ,  
whom we have t r e a t e d  a s  t h e  "day-time" popu la t ion ,  o r  wage (and 
s a l a r y )  e a r n e r s ,  w i l l  be concerned wi th  maximizing psycho log ica l  
s a t i s f a c t i o n  from t h e i r  e a r n i n g s .  The d e c i s i o n  maker should p l a c e  
some r e s t r i c t i o n s  on t h e i r  a c t i v i t i e s  i n  view of s o c i a l  consider- 
a t i o n s .  For t h i s  purpose ,  environmental  q u a l i t y  s t andards  and 
resources  r e s t r i c t i o n s  f o r  t h e  i n d u s t r i a l  problems, a s  w e l l  a s  
t h e  c r i t e r i a  of economic e q u i t y  and minimum payment f o r  t h e  r e s i -  
d e n t i a l  problems, have been in t roduced.  
5 . 2 .  Problem Formulation and Computational R e s u l t s  
I n  t h e  f i r s t  l a y e r ,  a  mathematical  programming r o b l e m  is 
formulated.  The r e g i o n a l  problem f o r  r e s i d e n t s  i n  each r e g i o n  is  
a s  fo l lows .  Maximize 
s u b j e c t  t o  
where 
J - i n d u s t r i e s  
9 .  - wages and s a l a r i e s  p e r  employee p e r  y e a r  ( d e c i s i o n  
v a r i a b l e )  
3 - a c t u a l  va lue  of wages and s a l a r i e s  i n  1974 j 
- 
- a c t u a l  mean va lue  of t h e  u n i t  payment i n  a l l  t h e  
i n d u s t r i e s  
.: - t h e  sum of t h e  d e v i a t i o n s  from che a c t u a l  mean va iue  
of wages and s a l a r i e s  
.? , a ,  3 - parameters .  
C o n s t r a i n t  ( 8 )  is minimum requirement f o r  wages and s a l a r i e s  i n  
each i n d u s t r y ,  and c o n s t r a i n t  ( 9 )  is t h e  e q u i t y  requirement  among 
a l l  t h e  i n d u s t r i e s .  For t h e  o b j e c t i v e  f u n c t i o n ,  a  modified ex- 
p o n e n t i a l  curve  has been es t ima ted .  
n 
w = 1 ( 1 . 0 1 0 2  - 0.9926 x 0.76808 w.)  
J 
( 1 0 )  
j = 1  
For t h i s  problem, p r ima l  and d u a l  o p t i m a l  s o l u t i o n s  have been ob- 
t a i n e d .  Then t h e  c o n v e r s i o n  o f  t h e  Lagrangian  m u l t i p l i e r s  i n t o  
t h e  s i n g l e - a t t r i b u t e  u t i l i t y  f u n c t i o n s  h a s  been performed.  An 
i n t e r p r e t a t i o n  f o r  numer i ca l  v a l u e s  o f  t h e s e  u t i l i t y  f u n c t i o n s  
has  been p r e s e n t e d  i n  a p r e v i o u s  p a p e r ,  where u s i n g  t h e s e  s l n g l e -  
a t t r i b u t e  u t i l i t y  f u n c t i o n s  a s  components ,  t h e  f o l l o w i n g  m u l t i -  
a t t r i b u t e  u t i l i t y  f u n c t i o n s  have been d e r i v e d  [ 1 3 ] .  
3 t i L i t y  P x n c c i o n s  f o r  she S e s i d e n t i a L  Prob lem:  R 
Osaka C i t y  
UOSR = & [ ( 1  + 0.43 uOSm) (1  + 0.13  xOSe) -1  ] ( 1  1 )  
" s t  Osaka c r e a  
Y33 
- 
1 
-  
3 ~ A R  21.1 [ i l  + 19.0 x  Y Am ) ( 1  + 0.95 ?cYAe)  - 1 1  ( 1 2 )  
3 a i t o  
- U, - & [ ( I  + 0.25 uDAm) ( 1  + 0.05  2 DAe ) - 1 )  ( 1 3 )  
S i g a s n i  Osaka 
where Um i s  t h e  u t i l i t y  f - a c t i o n  f o r  t h e  minimum wage r e q u i r e m e n t  
and U e  is  f o r  t h e  e q u i t y  r equ i r emen t .  
The i n d u s t r i a l  p o l l u t i o n  c o n t r o l  problem i n  each  r e g i o n  i s  
f o r m u l a t e d  a s  f o l l o w s .  Xaxmize 
sub  j e c t  t o  
- 
I . ,  ' 
,a,.;, : c ; )  ?.'.. : .  
- ., .; - : 1 6 )  
where 
, = I ,  . . . ,  - i n d u s t r i e s  
i = l ,  . . . ,  - env i ronmen ta l  f a c t o r s  (COS, SO2, l a n d  and w a t e r )  
- c a p i t a l  va lue  (book value  of t a n g i b l e  f i x e d  a s s e t s )  j 
- number of employees 
'j 
w . .  - discharge  of requirement of t h e  envirormental  f a c t o r  
IJ i per  u n i t  of shipments i n  t h e  i n d u s t r y  j 
K - c a p i t a l  c o e f i c i e n t ,  i . e . ,  c a p i t a l  va lue  pe r  u n i t  of j shipments i n  t h e  i n d u s t r y  j 
r .  - r e s t r i c t i o n  o r  t a r g e t  l e v e l  f o r  t h e  i t h  environmental  
' element 
y - a c t u a l  o v e r a l l  c a p i t a l  i n t e n s i t y  ( r a t i o  of t o t a l  c a p i -  
t a l  value  t o  t o t a l  number of employees) 
A .,a ,b  - parameters i n  product ion f u n c t i o n s  f o r  each i n d u s t r y  
~ j j  
a , $ , a l , d '  - parameters t h a t  r e p r e s e n t  f r i c t i o n  ( r e s i s t a n c e )  f o r  
t r a n s f e r  of c a p i t a l  and l abor  ( 0  2 a ,  a '  I 1 ;  
1 : @ I  a t ) .  
The o b j e c t i v e  f u n c t i o n  is a Cobb-Douglas-type product ion 
func t ion .  The func t ion  i s  homogeneous of degree  one ( i . e . ,  ad + " = 1 ) .  This  means t h a t  i f  each f a c t o r  i s  pa id  i t s  marginal  pro- 
d u c t ,  then t h e  t o t a l  ou tpu t  is  d i s t r i b u t e d  between labor  and 
c a p i t a l  i n  r e s p e c t i v e  p r o p o r t i o n s a j  and b j .  C o n s t r a i n t  ( 1 6 )  i s  
t h e  t a r g e t  c o n s t r a i n t  and shows t h a t  t h e  t o t a l  amount of any en- 
vironmental  f a c t o r  d ischarged o r  r e q u i r e d  by each i n d u s t r y  s h a l l  
n o t  exceed a  r e s t r i c t i o n  imposed by t h e  d e c i s i o n  maker. Con- 
s t r a i n t  (17)  is  the  t e c h n i c a l  c o n s t r a i n t .  Th i s  c o n s t r a i n t  i s  a l s o  
u t i l i z e d  f o r  avoiding high l e v e l s  of unemployment a s  a  r e s u l t  of 
t e c h n o l o g i c a l  change occur r ing  along wi th  t h e  reformat ion of in-  
d u s t r i a l  s t r u c t u r e  i n  each region.  C o n s t r a i n t s  ( 1 8 )  and (19)  a r e  
f r i c t i o n a l  c o n s t r a i n t s .  Since  d r a s t i c  changes i n  t h e  i n d u s t r i a l  
s t r u c t u r e  a r e  not  d e s i r a b l e ,  f r i c t i o n a l  c o e f f i c i e n t s  a r e  imposed 
on each d e c i s i o n  v a r i a b l e .  They provide upper and lower bounds 
f o r  t h e  d e c i s i o n  v a r i a b l e s .  
For c a s e  I of t h e  industrial p o l l c t i o n  zon tzo i  prcblsm In 
Osaka C i t y ,  2arameter f o r  c a p i t a l  a has been supposed t o  be 0.5 
and f o r  0 t o  be 1 . 5 .  The parameter f o r .  l a b o r  3 ' has been sup- 
posed t o  be 0.6 and t h a t  f o r  @ '  t o  be 1 . 4 .  The d i f f e r e n c e  be- 
tween f r a c t i o n a l  c o e f f i c i e n t s  f o r  c a p i t a l  and l abor  has been in-  
troduced because of t h e  f a c t  t h a t  it w i l l  be more d i f f i c u l t  f o r  
l a b o r e r s  t o  adapt  t o  unfami l i a r  i n d u s t r i e s .  I n  a l l  t h e  o t h e r  
problems, it has been assumed t h a t  2 = a' = 0 . 4  and 6 = 3 '  = 1 . 6 .  
Thus i n  c a s e  I i n  Osaka, more d r a s t i c  change of t h e  i n d u s t r i a l  
s t r u c t u r e s  has been permit ted .  
The problem i s  t o  f i n d  opt imal  a l l o c a t i o n  of t h e  product ion 
f a c t o r s  ( c a p i t a l  and l a b o r )  among each i n d u s t r y ,  under t h e  above 
r e s t r i c t i o n s .  
Environmental r e s t r i c t i o n s  i n  t h e  t a r g e t  c o n s t r a i n t s  a r e  
shown i n  Tables  1 and 2 .  Sources f o r  d a t a  i n  t h e  t a b l e s ,  a s  we l l  
a s  parameters i n  t h e  problem f o r n u l a t i o n s ,  have been ob ta ined  
na in ly  from t h e  X n d ~ s z r < c l  S t a z i s r i c s  2 u r v e y  .?esuZc T a b l o  9f I n -  
, i x s t r < a L  S t a c i s c i c s  i n  Z 3 i l  published by t h e  Statistical Off ice  
of Osaka p r e f e c t u r e ,  'Zansus  ~f J1anu:'zctures:  I 3 7 2  3e2orZ  o n  1r.- 
, i u s t r i a l  Land and U a t z r  published by t h e  Research and S t a t i s t i c s  
Department, M i n i s t e r ' s  Secretariat, N i n i s t r y  of Inte,?lacional 
Trade and Indus t ry ,  and the  -rnput-Oucpuc Tab12 f o r  i n d u s r r i a Z  
P o L l u t i o n  A n a l y s i s  < n  t h e  X i n k i  d r e a  i n  1 3 7 3  publ ished by t h e  
Osaka Bureau of Trade and Indus t ry .  A l l  t h e  d a t a  have been pub- 
l i s h e d  i n  Japanese.  
In  so lv ing  t h e  non l inear  op t imiza t ion  problems, t h e  augmented 
Lagrangian method proposed by P i e r r e  and Lowes [ I 4 1  has been u t i l -  
i zed .  Computational r e s u l t s  f o r  t h e  i n d u s t r i a l  p o l l u t i o n  c o n t r o l  
problem a r e  a s  fol lows.  
F i r s t ,  t h e  dua l  opt imal  s o l u t i o n s  A i n  each reg ion  and t h e  
u t i l i t y  f u n c t i o n s  u ( z ) ,  which a r e  converted from A ,  a r e  p resen ted  
i n  Table 3 .  The d iagnos i s  based on t h e  numerical  r e s u l t s  is  given 
i n  Table 4 .  
In  Osaka, f o r  example, t h e  s a t i s f a c t i o n  l e v e l s  f o r  meeting 
of t h e  environmental  r e s t r i c t i o n s ,  measured i n  terms of product ion 
f u n c t i o n s ,  a r e  t h e  h i g h e s t  f o r  water  use.  In  case  11,  Osaka and 
Yao, t h e  meeting of environmental  s t andards  f o r  COD w i l l  be t h e  
most troublesome. In  Daito t h e  r e s t r i c t i o n  f o r  COD has  been re-  
laxed.  The s a t i s f a c t i o n  l e v e l  f o r  environmental  r e s t r i c t i o n  is  
t h e  h i g h e s t  f o r  COD i n  t h i s  region.  In  Higashi Osaka, by con- 
t r a s t ,  t h e  environmental  r e s t r i c t i o n  f o r  SO2 is  t h e  most r igorous .  
In  consequence, t h e  u t i l i t y  l e v e l  f o r  SO2 is  t h e  worst  i n  Higashi 
Osaka. I n  c a s e  I of Osaka C i t y ,  t h e  u t i l i t y  l e v e l  f o r  SO2 is a l s o  
t h e  wors t .  However, i n  case  11,  t h e  r e s t r i c t i o n  f o r  COD i s  more I 
exac t ing  than t h a t  f o r  S02. R e s t r i c t i o n s  f o r  both  elements a r e  
much more r lgorous  f o r  Osaka than f o r  o t h e r  reg ions .  In c a s e  11 ,  
however, it w i l l  be noted t h a t  t h e  l i m i t a t i o n  onland i s  more 
troublesome than f o r  S02. C h a r a c t e r i s t i c s  of t e c h n o l o g i c a l  
changes which w i l l  accompany theenvlronmental  management po l icy  
can a l s o  be made c l e a r .  Capi ta l -saving t echnolog ica l  change w i l l  
be induced more d r a s t i c a l l y  i n  Osaka than i n  t h e  East  Osaka d i s -  
L r .  C 
-.. -&t. 
I 
Secondly, t h e  primal s o l u t i o n s  f o r  d e c i s i o n  v a r i a b l e s  xu* and 
;? a r e  acquired.  They show t h e  opt imal  a l l o c a t i o n  of c a p i t a l  and 
i>bor  t o  each i n d u s t r y .  Zea l loca t ion  plans  f o r  c a p i t a l  i n  each 
region a r e  presented i n  Tables 5 t o  8 .  Code numbers f o r  indus- I 
t r i a l  c l a s s i f i c a t i o n  a r e  expla ined i n  Table 9 .  These r e s u l t s  have 
common c h a r a c t e r i s t i c s .  C a p l t a l  formation i n  t h e  i r o n  and s t e e l  
i n d u s t r y ,  a s  we l l  a s  i n  the  chemicals and r e l a t e d  products  indus- 
t r y ,  should be d r a m a t i c a l l y  reduced. In  a d d i t i o n ,  t h e  nonferrous  
metals  i n d u s t r y  and t h e  f a b r i c a t e d  metal  product i n d u s t r y  should 
decrease  t h e i r  c a p i t a l  formation i n  Osaka. On t h e  o t h e r  hand, i n  
consumer i n d u s t r i e s ,  such a s  c l o t h i n g  p roduc t s ,  lumber p roduc t s ,  
and f u r n i t u r e  industries, a s  wel l  a s  i n  machine i n d u s t r i e s ,  such 
a s  t h e  e l e c t r i c a l  nachinery i n d u s t r y ,  c a p i t a l  formation should be 
promoted. In  t h e  East  Osaka d i s t r i c t ,  c a p i t a l  investments i n  o t h e r  
machine i n d u s t r i e s ,  such a s  genera l  machinery and p r e c i s i o n  macnin- 
e r y  i n d u s t r i e s ,  a r e  recommended. 
Table 1 .  Environmental r e s t r i c t i o n s  
- -  - - - - - - -- - - - - - - - 
COD so 2 Land Water 
( ton /year )  i ton/year)  ( 1 0 0 m 2 )  ( 1  000rn3) 
Osaka 
Case I 8 4 , 0 9 5  6 2 , 2 5 0  1 5 6 , 0 6 5  1 5 0 , 9 2 3  
Case I1 9 5 , 2 2 7  7 0 , 0 6 0  1 7 7 , 2 5 3  1 7 3 , 5 6 1  
'iao 9 , 8 6 4  6 , 3 5 8  2 5 , 5 4 4  1 4 , 6 0 0  
Daito 2 , 1 9 4  1 , 9 1 7  1 3 , 9 0 4  7 , 9 8 0  
Higashi 
Osaka 1 1 , 8 2 4  10,111 7  5 8 , 1 6 2  3 3 , 3 8 2  
Table 2 .  Reduction r a t e s  from cu r r en t  cond i t i ons  i n  1 9 7 3 .  
COD ( $ 1  SO2 ( 4 6 )  Land (5) water  ( X )  
Osaka 
Case I 4 7 . 0  4 6 . 0  9 . 0  0 . 0  
Case I1 4 0 . 0  4 0 . 0  0 . 0  + 1 5 . 0  
~ a o  3 2 . 7 5  2 0 . 0  5 . 0  + 1 5 . 0  
Daito 2 5 . 0  2 0 . 0  5 . 0  + 1 5 . 0  
Higashi 
Osaka 3 2 . 7 5  2 7 . 0  5 . 0  + 1 5 . 0  
Table 3 .  Assessment of u t i l i t y  f o r  environmental con t ro l .  
COD so2 Land Water 
Osaka Ci ty  
Case I A 2 . 1 6 4 2  
?c 0 . 0 3 2 3  
Case I1 h 0 . 2 2 7 5  
Y 0 . 0 0 0 8  
East Osaka d i s t r i c t  
Yao X 0 . 0 0 0 0  
u 0 . 0  
Daito A 1 0 . 9 5 4 4  
r 0 . 7 1 2 1  
3 ~ g a s h l  1 5 . 5 3 2 8  
Osaka u 0 . 7 7 6 0  
Table 4 .  Diagnosis. 
S a t i s f a c t i o n  Level Tech. Change 
Minimum Xaximum Slackness Cap i t a l  Savlng 
Osaka 
Case I So 2 Water 
 and^ Dras t i c  
Case I1 COD Water 0  Dras t i c  
~ a o  COD so2 0  Medium 
Dai to  so2 COD watertT Medium 
Higashi 
Osaka So2 COD 0  Medium 
- 32.5U ( 1 0 0 m 2 )  
" 1 0 2 5 . 5 6  { 1 0 0 0 r n ~ / ~ e a r )  

Table 6 .  C a p i t a l  r e a l l o c a t i o n  p l a n  f o r  Yao. 
I n d u s t r y  C a p i t a l :  1 9 7 4  C a p i t a l :  Proposed 
Code ( m i l l i o n  yen) ( 3 )  ( m i l l i o n  yen) ( 5 )  
1 8 . 1 9  
2  0  
2  1 
2  2 
2  3  
2 4  
2  5  
2  6 
2  7  
2  8  
2  9 
3 0  
3 1  
3 2  
3 3  
3  4 
3 5  
3 6 
3 7  
3 8  
3 9  
T o t a l  
I n d u s t r i a l  
Shipment 
T o t a l  
X of Osaka 
p r e f e c t u r e  
7 . 7 8  
2 . 5 0  
0 .34  
0 . 4 8  
1 .08  
7 . 1 9  
1 . 5 4  
4.33 
- 
- 
0 . 3 0  
1 . 9 0  
3 . 7 1  
5 . 4 0  
1 5 . 8 6  
1 4 . 2 5  
1 4 . 8 5  
3 . 8 1  
4 . 5 8  
- 
1 0 . 1 0  
1 0 0 . 0 0  
(base  ) 
Table 7 .  C a p i t a l  r e a l l o c a t i o n  p lan  f o r  Dai to .  
I n d u s t r y  C a p i t a l :  1974 C a p i t a l :  Proposed 
Code ( m i l l i o n  yen) ( 5 )  ( m i l l i o n  yen) ( X )  
18.19 
2 0 
2 1 
2 2 
2 3 
2 4 
2 5 
2 6 
2 7  
2 8  
2 9 
3 0 
3 1 
3 2 
3 3 
3 4 
3 5 
3 6 
3 7  
3 8 
3 9  
T o t a l  
I n d u s t r i a l  
Shipment 
Total 
X of Osaka 
p r e f e c t u r e  
Tab le  8.  C a p i t a l  r e a l l o c a t i o n  p l a n  f o r  H igash i  Osaka. 
I n d u s t r y  C a p i t a l :  1974  C a p i t a l :  Proposed 
Code ( m i l l i o n  yen)  ( $ 1  ( m i l l i o n  yen)  ( 5  
18 .19  3,106 2.53 1 , 8 6 4  1  .50  
2  0  2 ,036 1 .66  1 , 2 2 2  0 . 9 9  
3 9  19 ,414 11 .74  20 ,179  16 .29  
T o t a l  122 ,799  100 .00  123 ,881  1 0 0 . 0 0  
I n d u s t r i a l  
Shipment 999 ,655  (Base)  9 7 7 , 4 0 8  
" t a l  
5 of Osaka 
p r e f e c t u r e  7.19  
Table 9 .  C l a s s i f i c a t i o n  of i n d u s t r i e s .  
Code I n d u s t r i e s  
Foods 
T e x t i l e  all1 produc t s  
Clothing products  
Lunber and products  
F u r n i t u r e  
Pulp and paper products  
P r i n t i n g  and pub l i sh ing  
Chemicals and products  
Coal and petroleum products  
Rubber p roduc t s  
Leather products  
Clay and s t o n e  products  
I ron and s t e e l  
Nonferrous meta ls  
Fabr ica ted  meta l  p roduc t s  
Xachinery 
E l e c t r i c a l  machinery 
Transpor ta t ion  equipment 
P r e c i s i o n  machinery 
Ordnance 
Xisce l l aneous  
I n  t o t a l ,  c a p i t a l  v a l u e s  i n  a l l  t h e  i n d u s t r i e s  w i l l  be 
g r e a t l y  reduced i n  Osaka. Although c a p i t a l - s a v i n g  t e c h n o l o g i c a l  
changes w i l l  be made, i n d u s t r i a l  shipments i n  Osaka C i t y  w i l l  
a l s o  dec rease  d r a s t i c a l l y  (by 24-28 p e r c e n t ) .  On t h e  o t h e r  hand,  
i n  t h e  East  Osaka d i s t r i c t ,  c a p i t a l  va lue  w i l l  i n c r e a s e .  A s  a  
r e s u l t ,  a  t r a n s f e r  of l a b o r  from Osaka t o  t h e  East  Osaka d i s t r i c t  
w i l l  t a k e  p lace .  I c c r e a s e  of i n d u s t r i a l  shipments i n  t h i s  a r e a  
w i l l  cover  about 7.8-9.2 pe rcen t  of t h e  reduc t ion  i n  Osaka C i t y .  
Because Osaka p r e f e c t u r e  i s  composed of 31 c i t i e s ,  1 1  towns and 
two v i l l a g e s ,  development of o t h e r  a r e a s  i n  Osaka p r e f e c t u r e  w i l l  
nake it p o s s i b l e  t o  compensate f o r  almost  a l l  of t h e  l o s s  of in-  
Jus--iai 
- L- sh lpnen t s  i n  3saka Ci=;/. ??.is : < ~ z d  of  i n d u s t r i a l  r s a l -  
l o c a t i o n  plan ia s e t  of primal o p t m a l  s o l u t i o n s )  i s  considered 
t o  be hidden behind t h e  e v a l u a t i o n  of environmental  management 
p lans  ( a s s e t  of dua l  opt imal  s o l u t i o n s ) .  The reason  is  t h a t ,  
a l though our  main concern is with t h e  e v a l u a t i o n  of n u n e r i c a l  
u t i l i t y  t o  be a t t r i b u t e d  t o  t h e  environmental  management p l a n ,  
r e c o g n i t i o n  of t h e  i n d u s t r i a l  r e a l l o c a t i o n  ? lan  which is a t t a c h e d  
t o  t h e  management p lan  w i l l  s t i l l  a t t r a c t  t h e  a t t e n t i o n  of po l i cy  
nakers  . 
T h i r d l y ,  we proceed t o  o b t a i n  t h e  m u l t i a t t r i b u t e  u t i l i t y  
f q m c t i o n s  through t h e  n e s t i n g  procedure .  The m u l t i a t t r i b u t e  
u t i l i t y  f u n c t i o n s  f o r  l n d u s t r l a l  p o l l u t i o n  c o n t r o l  i n  each r e -  
g ion  a r e  a s  fo l lows :  
] t i  l i t y  ? u n c t i o n s  f o r  I n d u s t r i a l  ? o l  l u t i o n  C o n t r o i  ? r o b  lam:  uIiv 
Osaka C i t y  
( 1  - 0.1984 uland) ( 1  - 0.1323 uwater 1 - I (20) 
E a s t  Osaka d i s t r i c t  
I s 0  
Dai t o  
3 i g a s h i  Osaka 
Combining the multiattribute utility functions for residents 
with these ones for the industrial control problem, the composite 
utility functions for both problems are derived. Examples of the 
indifference experiment for finding the scaling constants are 
shown in Figure 5. 
3 a s t  Osaka d i s t r i c r  
I Lndif ference 
1 p o i n c s  
0 1 0.; 1 .0  ;I 
(a )  COD 
indifference 
? o i n  cs 
0 I  
O" (b) 'COD 
1 indif ference  
1 p o l n i s  
Figure 5. Trade-offs for environmental elements in Osaka Citp. I 
.Yigasni Osaka 
- 
1 
HG 
-  0,1481 [ ( I  + 0.0333 U H G R )  (1 + 0.1111 UDAIN) - 1 1  
(27) 
An overall regional utility function is now derived using the 
above composite utility functions in each region. 
Overczli U t i l i t y  Func t ions :  O g o ,  U 
S a s t  Osaka d i s t r i c t :  U z o  
O v e r a l l  r e g i o n :  U 
Numerical values of these utility functions are 'now calcu- 
lated in the preference hierarchy corresponding to the objectives 
hierarchy. Results are shown in Figure 6. We find the following 
characteristics in the hierarchical system: 
(i). In general, utility levels for residential problems 
are lower than those for industrial pollution control problems. 
Above all, the satisfaction levels for minimum wages and salaries 
are the worst in each region. 
1 The satisfactron levels in Gsaka City are generail;, 
lower than in the East Osaka district. In the latter area, 
Higashi Osaka, which has come to resemble Osaka City, has the 
lowest overall level of satisfaction. The lowest level of satis- 
faction for a residential problem, in Yao, is a result of the low 
level of minimum wages and salaries in the region. 
(iii). The poor satisfaction level for residents in Osaka 
City has been caused by the low level of economic equity in the 
city. In contrast to Osaka City, residents in the East Osaka 
district are the most satisfied from the viewpoint of equity. 
Within the district, Daito, whose development has been the most 
rapid, has the lowest utility level for equity. 
(iv). With regard to resource restrictions, the utility 
level for land limitation in Osaka City is the worst among all 
the resources in either region. 

The above propert ies  coincide wltn the common understanding 
of the present  situation in  the Kinki area.  
( v ) .  Final ly ,  we regard the  above conclusions a s  a  r e fe r -  
ence f o r  decision support. That i s ,  the  numerical r e s u l t s  of 
the u t i l i t y  assessment w i l l  ind ica te  places where d i f f i c u l t i e s  
t o  be resolved e x i s t .  Low values of s a t i s f a c t i o n  l e v e l  which 
e x i s t  i n  the  environmental control  systems w l l l  be sought out ,  
and some proposals f o r  resolving the  problems w i l l  be presented; 
o r ,  a t  the  very l e a s t ,  the existence of problems faced in  the 
cont ro l  systems w i l l  be suggested. For example, r a i s ing  of mini- 
mum wage l e v e l s ,  undertaking of public  works fo r  environmental 
cont ro l ,  and promotion of technological development f o r  pol lu t ion  
prevention in  spec i f i c  f i e l d s  a r e  recommended t o  the decision 
makers. The end r e s u l t  is t o  c l a r i f y  p r i o r i t i e s  fo r  environ- 
mental po l i c i e s ,  with preservation of minor elements. 
6 .  CONCLUDING REMARKS 
We a re  concerned with the p r a c t i c a l  a p p l i c a b i l i t y  and ef -  
fect iveness of extremal methods f o r  the s o c i a l  sciences.  In the 
socioeconomic f i e l d ,  data bases a r e  o f t en  q u i t e  unre l iab le .  Gen- 
e r a l l y ,  ana ly t ic  funct ions cannot be s t r i c t l y  applied f o r  socio- 
economic ana lys is .  A t  most, only approximations t o  the ana ly t i c  
functions a re  applicable.  Convexity assumptions a re  inapplicable 
i n  many cases .  
In addit ion t o  the c h a r a c t e r i s t i c s  of modeling in  the socio- 
economic f i e l d ,  many of the optimal so lu t ions  obtained using ex- 
tremal methods tend t o  go t o  extremes a t  zero values o r  upper 
and lower bounds. Because these bounds may be imposed on decision 
var iab les  a r b i t r a r i l y ,  t h i s  kind of so lu t ion  w i l l  not always be 
des i rab le  o r  prac t icable  f o r  socioeconomic ana lys is .  On the  
other  hand, socioeconomic models w i l l  inevi tably have tremendous 
numbers of decis ion var iab les  and cons t ra in ts  i f  the modeling 
becomes very large-scale and complex. This means t h a t  che compu- 
t a t i o n a l  time w i l l  be formidable. 
I n  t h i s  paper, although some computational r e s u l t s  have been 
presented, it has been suggested t h a t  d i r e c t  u t i l i z a t i o n  of p r i -  
xa l  optimal so lu t ions  in t s m s  of absolute  sca l e  w i l l  he 3r3ble- 
matic i n  the s o c i a l  sciences. The so lu t ions  should be u t l l l z e a  
only as  a  reference for  policy proposal. For t h i s  purpose, u t i -  
l i z a t i o n  of dual optimal so lu t ions  f o r  extremal methods in terms 
of r e l a t i v e  sca le  ( i n t e r v a l  s ca l e )  is highly recommended. In 
o ther  words, the i n t e q r e t a t i o n  and u t i l i z a t i o n  of dual optimal 
so lu t ions  ( s h a d o w  ? r l c e s )  w i l l  have much s igni f icance .  
We have proposed the u t i l i z a t i o n  of shadow pr ices  as  a  de- 
vice f o r  evaluat ion of environmental control  systems and the 
inclusion (nes t ing)  of them in  mul t i a t t r ibu te  u t i l i t y  funct ions.  
I t  has been shown t h a t  t h i s  method-the nested Lagrangian multi-  
p l i e r  method-will s a t i s f a c t o r i l y  f u l f i l  the c r i t e r i a  f o r  effec-  
t i v e  methods f o r  environmental systems analys is .  
In  t h e  computational p r o c e s s e s ,  u t i l i z a t i o n  of t h e  SLY 
nethod b a s i c a l l y  depends on e f f i c i e n c y  of d e r i v a t i o n  of t h e  
shadow p r l c e s .  Although t h e  augmented LagrangIan method which 
nodera tes  t h e  d isadvantages  of both  p e n a l t y  and pr imal-dual  
nethods can o b t a i n  t h e  shadow p r i c e s  e f f i c i e n t l y  f o r  g e n e r a l  
non l inea r  programming problems, t h e  computation t ime has  st111 
been a  burden. 
In  a d d i t i o n ,  s i n c e  t h e  s t a t i c  c h a r a c t e r i s t i c s  o f  t h e  inodel- 
ing  have placed a  r e s t r i c t i o n  on t h e  e f f e c t i v e n e s s  o f  environ- 
menta l  systems planning ( i t w i l l  vary w i t h  economic development 
i n  t h e  a r e a s )  a  dynamic v e r s i o n  and a p p l i c a t i o n  of t h e  NLIY method 
i s  t o  be expected.  
REFERENCES 
( 1 1  Margl in ,  S.A. (1962) Objec t ives  of w a t e r - r e s o u r e  develop- 
ment: a  g e n e r a l  s t a t ement .  I n  Design of Water-Resources 
Systems, e d i t e d  by A .  Xaass e t  a l .  Harvard U.P. 
[ 2 ]  Cohon, J .L . ,  and D . H .  Marks (1973) M u l t i o b j e c t i v e  sc reen ing  
models and water  r e source  inves tment .  Water Resources Re- 
sea rch .  
i 3 1  Dorfman, R., and H . D .  Jacoby (1972) &-I i l l u s t r a t i v e  model 
of r i v e r  b a s i n  p o l l u t i o n  c o n t r o l .  In  Hodels f o r  Xanaging 
Regional  Water Q u a l i t y ,  e d i t e d  by R .  Dorfman, D .  Jacoby,  and 
3 . A .  Thomas. Jr. Harvard U.P. 
[ 4 ]  Haimes, Y . Y . ,  W.A. H a l l ,  and H.T .  Freedman (1975) Mui t iobjec-  
t i v e  Opt imizat ion i n  Water Resources Systems; The Sur roga te  
Worth Trade-off nethod.  E l s e v i e r .  
[ 5 1  R a i f f a ,  H .  (1968) Decision Ana lys i s .  Addison-Wesley. I i 
[ 6 1  Keeney, R.L., and K .  Nair (1975) Decis ion a n a l y s i s  f o r  t h e  
s i t i n g  of nuc lea r  power p l a n t s - t h e  re levance  of m u l t l a t t r i -  
bu te  u t i l i t y  t h e o r y .  Proceedings of t h e  IEEE, 63 ( 3 )  . 
( 7 ;  Gros,  J . G .  (1974) A p a r e t i a n  environmental  approach t o  ?ewer 
n l a n t  s l ~ i n g  rn >l?w Englanc. ??. . 3 .  : l a s e r t a t i o n .  3arvard  
Univers i ty  . 
( 8 1  Keeney, R.L., and H. ~ a l f f a  (1976) Decisions wi th  :?uiL,iple 
Objec t ives :  P re fe rences  and Value Tradeof f s .  John Wiley. 
[91  Keeney, R . L .  (19711)  N u l t i p l i c a t i v e  u t i l i t y  f u n c t i o n s .  Oper- 
a t i o n s  3esearch 22. 
Luenberger,  D . G .  (1973) I n t r o d u c t i o n  t o  L inea r  and Nonlinear 
2roqramming. Addison-Wesley. 
[ 1 1 ]  Von Neumann, J . ,  and 0. Xorgenstern ( 1 9 4 4 )  Theory of Games 
and Economic Behavior. John Wiley. I 
[l 21 I jiri, Y. ( 1  965) Management Goals and Accounting for Con- 
trol. North-Holland. 
1131 Seo, F. (1977) Evaluation and control of regional environ- 
mental systems in the Yodo river basin; socioeconomic as- 
pect. Proceedings of IFAC Symposium on Environmental Sys- 
tems Planning, Design, and Control. 
[l4] Pierre, D . A . ,  and M. J .  Lowe (1 975) Mathematical Progamming 
Via Augmented Lagrangians. Addison-Wesley. 
[I51 Luce, R . D . ,  and P. Suppes (1 965) Preference, utility and 
subjective probability. In, Handbook of Mathematical 
Psychology, Vol. 111, edited by R . D .  Lace, R.R. Bush, m d  
E. Galanter. 
[16] Karlin, S. (1959) Mathematical ~ethods and Theory in Games, 
Programming, and Economics. 
AN ASSESSLENT OF THE RESIDENTIAL ENVIRONMENT I N  KYOTO 
CITY: A TRIAL TOWARD GROUP DECISION 
H. Nakayama 
3 s p a r f m e n t  dpp l i z a  ,Vat h e r n a t i c s ,  2;:onan U n i g s r s i z y ,  
Lobe,  Japan  
K .  Inoue 
Jepayrmenz  o f  i j rsc- is ion .Vecnan?:cs, Kyo to  i i n ? : t l e r s i t y ,  
. K y o ~ o ,  dapan  
Y .  Sawaragi  
J e p a r t m e n t  o  j - 4 p p i i e d  . V a t h e m a t i c s  and ; 3 4 y s i i s ,  .<yoto 
7 n ~ v s r s i t y ,  l y o z o ,  ' yapan 
1 .  INTRODUCTION 
R e c e n t l y ,  i n  many s o c i a l  problems such  a s  env i ronmen ta l  
nanagement ,  one of  t h e  most s e r i o u s  d i f f i c u l t i e s  has  been t o  g e t  
t h e  consensus  of peop le  concerned  because  of  t h e  m u l t i p l i c i t y  o f  
t h e i r  v a l u e  judgments and t h e  z o n f l i c t s  o f  t h e i r  i n t e r e s t s .  A s  
is w e l l  known, Arrow's  g e n e r a l  i m p o s s i b i l i t y  theorem shows t h a t  
~t is i m p o s s i b l e  i n  a g e n e r a l  s e n s e  (unde r  Arrow's  f i v e  axioms) 
t o  a g g r e g a t e  i n d i v i d u a l s '  v a l u e  judgments i n t o  a  s o c i a l  one  [ I ] .  
S e v e r a l  r e s e a r c h e r s  nave t r l e d  t o  overcome t h i s  d i f f i c u l t y  b u t  
i t  i s  c o n s i d e r e d  t o  be e s s e n t i a l l y  i m p o s s i b l e .  I n  g roup  d e c i s -  
i on  making, t h e r e f o r e ,  it seems r a t h e r  i m p o r t a n t  t o  a n a l y z e  t h e  
group dynamics and/or  t o  r e f i n e  i n f o r m a t i o n  a v a i l a b l e  f o r  d e c i s -  
i o n  x a k s r s  t o  h e l p  t h e i r  a u t u a l  u n d e r s t a n d i n g .  With  his l n  
mind, i n  t h i s  pape r  we s h a l l  s u g g e s t  a  ne thod  s u p p o r t i n g  g roup  
d e c i s i o n s ,  which i s  c a l l e d  t h e  Extended C o n t r i b u t i v e  Rule ( E C X )  
ne thod  on t h e  b a s l s  of m u l t i a t t r i b u t e  u t i l i t y  t h e o r y  and r e p o r t  
some e x p e r i m e n t a l  r e s u l t s  i n  t h e  a s se s smen t  o f  t h e  r e s i d e n t i a l  
envi ronment  i n  Kyoto C i t y  . 
2 .  DIFFICULTIES I N  GROUP 3ECISIONS 
S i n c e  Arrow p u b l i s h e d  h i s  g e n e r a l  impossibility theorem i n  
1 9 5  1 [ l  ] , many r e s e a r c h e r s  have been i n t e r e s t e d  i n  d i f f i c u l t i e s  
l n  group d e c i s i o n .  I n  t h e  f o l l o w i n g ,  we s h a l l  t r a c e  t h e  formu- 
l a t i o n  of  Sen [ 2 ]  . 
Let d denote  t h e  s e t  of a l t e r n a t i v e s ,  l e t  8% (i= 1 ,  . . . ,  n )  
represen t  t h e  i n d i v i d u a l  b inary  p re fe rence  relations over  4, and 
l e t  ,?.be t h e  s o c i a l  p re fe rence  r e l a t i y n .  Throughout t h e  paper ,  
t h e  3% a r e  assumed t o  be weak o r d e r s .  , 
D e f i n i t i o n  1 
For an a r b i t r a r y  s u b s e t  3 of A ,  we d e f i n e  
o p t  [S,  A ]  = ia E S j a R b f o r  V 3 E S )  
e x t  [S, .?I = ia E 5 3 o # z such t h a t  3 3 2, 3 E S )  
D e f i n i t i o n  2 
A s o c i a l  choice  f u n c t l o n  f i s  def ined  by a  f u n c t i o n a l  r e l a -  
t i o n  between t h e  n - tup le  of i n d i v i d u a l  p r e f e r e n c e s  ( R ~ , . . . , ~ ? ~ )  
and t h e  s o c i a l  p re fe rence  .?: 
Theorem 1 (Arrow's g e n e r a l  i m p o s s i b i l i t y  theorem) 
Suppose t h a t  t h e r e  a r e  a t  l e a s t  two persons  i n  t h e  group 
and t h r e e  a l t e r n a t i v e s ,  then t h e r e  i s  no s o c i a l  cho ice  f u n c t i o n  
s a t i s f y i n g  t h e  fo l lowing f i v e  condiLions.  
The s o c i a l  p r e f e r e n c e  .? is  a  weak o r d e r .  
2 .  Concision 3 !Ynresrr?c?ea Jornainl 
The domain of 7 must inc lude  a l l  p o s s i b l e  combinations of 
i n d i v i d u a l  p re fe rence .  
For any p a i r ,  a ,  5 ,  i n  A ,  
Let 
I f  f o r  any a l t e r n a t i v e s  a ,  b i n  a  s u b s e t  3 of .4 
-That . i s ,  they a r e  ( i j  r e f l e x i v e ;  1 .?% 2 ,  I E A ( i i )  t r a n s -  
l t i v e ;  a ,?% 5 ,  5 .?% c = = .?i ., and (iii) connected;  a ,?% 5 ,  o r  
3 L?z 2 f o r  2 ,  3 €.A. 
t h e n  we must have 
o p t  [ S ,  '?I = o p t  [ S ,  3'1 
such  t h a t  
I f  one  of  t h e s e  c o n d i t i o n s  i s  r e l a x e d ,  we can  g e t  some pos- 
s i b i l i t y  of  t h e  e x i s t e n c e  of  a  s o c i a l  c h o i c e  f u n c t i o n .  I n  p a r -  
t i c u l a r l y ,  it shou ld  be no ted  t h a t  t h e  c o n d i t i o n 1  i s  imposed i n  
o r d e r  t o  avo id  t h e  m e a s u r a b i l i t y  of u t i l i t y .  Even under  t h e  a s -  
sumption t h a t  each  i n d i v i d u a l  u t i l i t y  c a n  be  e v a l u a t e d  q u a n t i t a -  
t i v e l y ,  t h e  f o l l o w i n g  theorem means t h a t  i n t e r p e r s o n a l  comparison 
of  u t i l i t i e s  is  n e c e s s a r y  f o r  t h e  e x i s t e n c e  o f  a  s o c i a l  c h o i c e  
f u n c t i o n .  
Theorem 2 [ 2 ]  
L e t  u s  assume t h a t  each  i n d i v i d u a l  u t i l i t y  ~ ' ( i  = 1 ,. . . , n )  
can  be e v a l u a t e d  q u a n t i t a t i v e l y .  We s u b s t i t u t e  t h e  s o c i a l  c h o i c e  
f u n c t i o n  ? ( u l  , . . . , x n )  f o r  ? ( . ? I , .  . . ,,?n) i n  t h e  c o n d i t i o n s  7 and 
I ,  and d e f i n e  
1: 3" j u" ( a )  , ~ ~ ( 3 )  
- 
I f  no i n t e q e r s o n a l  comparison of  u t i l i t i e s  i s  p e r m i t t e d ,  t h e n  
t h e r e  does  n o t  e x i s t  any s o c i a l  c h o i c e  f u n c t i o n  c o n s i s t e n t  w i t h  
t h e  conditions 0, U ,  ?, i, and 3.  
A s  t o  measu rab le  u t i l i t i e s ,  t h e  u t i l i t y  a n a l y s i s  o r i g i n a t e d  
by von Neumann and Horgens t e rn  seems t o  be u s e f u l  because  it 
t a k e s  r i s k y  circumstances i n t o  a c c o u n t .  Under t h e  assumption of 
i n t e r p e r s o n a l  compar ison ,  Keeney proved t h e  f o i l o w i n g  r e s u l t  con- 
c e r n l n g  such  a  group u t l l i t y  I S  
Theorem 3 [ 3 1  
The c o n d i t i o n s  9, I ,  ?, T, and 3 a r e  i n t e r p r e t e d  a s  i n  
Theorem 2 .  A g iven  g roup  c a r d i n a l  u t i l i t y .  f u n c t i o n  X G  = x  ( x l ,  
2 2 ,  . . . ,  x n )  o v e r  u n c e r t a i n  a l t e r n a t i v e s  i s  c o n s i s t e n t  w i t h  t h o s e  
c o n d i t i o n s  i f  and o n l y  i f  
3 .  ECR METHOD 
In t h e  previous  s e c t i o n ,  it  was shown t h a t  t h e r e  i s  no way 
of r a d i c a l l y  s e t t l i n g  d i f f i c u l t i e s  i n  group d e c i s i o n s  from t h e  
normative viewpoint.  we consider  group d e c i s i o n s ,  t h e r e f o r e ,  
a s  t h e  r e s u l t s  of a  process  of a t t a i n i n g  a  f i n a l  d e c i s i o n  grad- 
u a l l y  r a t h e r  than a s  being made by some norms. I n  t h i s  e v e n t ,  
t h e  fol lowing two approaches become important i n  group d e c i s i o n s :  
(i) a n a l y s i s  of t h e  s t r u c t u r e  of group dynamics such a s  i n t e r r e -  
l a t i o n s h i p s  between people concerned and a l t e r a t i o n  of t h e l r  a t -  
t i d u e s  and (ii) refinement of informat ion through t h e  procedure  
of group d e c i s i o n  i n  o rder  t o  h e l p  t o  improve unders tanding among 
people concerned. I n  t h e  former approach,  s e v e r a l  models of 
group dynamics i n  s o c i a l  psychology have been suggested [ 4 ] .  On 
t h e  o t h e r  hand, i n  t h e  l a t t e r  approach s e v e r a l  e f f e c t i v e  methods 
have been developed, such a s  ISM [S] which o b j e c t i f i e s  t h e  s t r u c -  
t u r e  of consciousness .  I n  t h e  fo l lowing ,  we s h a l l  s t a t e  t h e  ECR 
method, which he lps  understanding of t h e  s t r u c t u r e  of  group pre- 
f  e rences  . 
In  o r d e r  t o  make an i n t e r p e r s o n a l  comparison of u t i l i t i e s ,  
it i s  u s e f u l  f o r  group members t o  cons ider  themselves from t h e  
s t andpoin t  of o t h e r s  j u s t  a s  a  benevolent  d i c t a t o r  does .  Th i s  
i n c l u d e s ,  however, an e t h i c a l  v a l u e  judgment. There fore ,  we t r y  
t o  make use of t h e  ob ta ined  informat ion a s  an i n p u t  t o  b ra in -  
storming. To t h i s  end,  t h e ' s t r u c t u r e  of t h e  group ? re fe rence  i s  
represen ted  by a  digraph ob ta ined  by cons ider ing  t h e  mean va lue  
and t h e  va r iance  of t h e  i n t e n s i t y  of i n d i v i d u a l s '  ? r e f e r e n c e s  
over  t h e  a l t e r n a t i v e s .  A t  t h i s  t ime,  every person i n  t h e  group 
imposes h i s  weight on each ~ n d i v i d u a l  u t i l i t y  a s  a  benevolent 
d i c t a t o r .  
Let w i  ( ) ( i  = 1 , .  . . , n )  denote  t h e  i n d i v i d u a l  m u l t i a t t r i b u t e  
u t i l i t y  f u n c t l o n  and X , i  the  weight t h a t  a  person ; imposes on 
the  u t i l i t y  of a  person i .  Then, we can d e f i n e  a  s o c l a l  p r e f e r -  
ence P i  a s  fol lows f o r  any a l t e r n a t i v e s  z j ,  zk E A 
where 
n 
Note t h a t  0 is a parameter r e p r e s e n t i n g  degrees  of t ak ing  
account of t h e  va r iance  of ? r e f e r e n c e s ,  and d , 0 is  a t h r e s h o l d .  
P ropos i t ion  1 
The s o c i a l  p re fe rence  ?;, i s  a s t r i c t  p a r t i a l  o r d e r ,  t h a t  
i s ,  i t  i s  t r a n s i t i v e  and i n f l e x i v e .  Espec ia l ly  f o r  A = 0 ,  i f  we 
d e f i n e  t h e  i n d i f f e r e n c e  r e l a t i o n  1 by 
then 2 = U I is  a  weak o r d e r .  
- 0 
( i i ) .  ,; I > A 1 - 0 - ?,, , C -?A 
(iii) . A '  > X 2 - 0 - e x t  [ j ,  PA,] 2 e x t  [S ,  P i ]  f o r  3 C.4 
( i v )  . When 3 = 0,  i f  
then t h e  s o c i a l  p re fe rence  ?A s a t i s f i e s  t h e  c o n d i t i o n  ? f o r  every  
nonnegative k .  That i s ,  
Noreover, 
- .?i 3 ,  vr - 3  .?_ 3 .  v,, 2 o 
where 
\ 
2 .  2 a d k 2  - ( n o t  2-. 'lk) ( n o t  2. ? A;) d < A 9 
( v ) .  There e x i s t s  a p o s i t i v e  11 such t h a t  
( 9 )  
Proof 
(i). T r a n s l t i v i t j r  o f  , It should be noted by (4) t h a t  w e  
have 
" = ,. 
- .. + 2. 
- j; ; i i 8 ( 1 0 )  
Assume t h a t  
then we have by ( 1 0 ) 
n n t 2 ;  c S  + A [ 1 ui min (0, C? ) - 31 
C = 1  j s  t=l j s 
n i n i 
> 1 ui c j k  + U I ui  min (0, c j k )  - a ]  
J i=l i=l 
Thus the transitivity of P, follows, that is 
z j  P X  a k ,  a k  1; * 2 ;  F A  a s  V 
Irreflexibility of P,,: If 2 = j, then 
c" = o  y.: 
j  j  
Therefore, 
'1 i r. 
jl 2 . .  + X [ ili min (0, c' .  . )  - 4 1  5 0 
.: = 1 i . j j  J J  - 
-; = 1 
We have 
not a ?A 2 .  j  2 
Ref lexibility of : gecalling that 
yields that 
If we set i = j ,  then 2" = 0 for all i. Thus we have 
J .J 
which means 
Transitivity of 3 :  The result is immediate from (10). 
Connectedness of .?: For any alternatives a ; ,  c l i  E A ,  one of the 
following cases is possible U 
because 
7' 
2:. = -0 -1. for Yi 
d ,j J 
Name 1 y 
L I k  .=? a: 
d 
(ii) . Since 
is nonpositive, if 
then we have 
o < J , + A [ >*. nin (0, c:.) - 3 1  
I:=1 ' " <  i=l * d 4 
iz n 
c 2 j l .  2 : .  + \ [ 1 3.. rnin ( 0 ,  - 31 
- 
- .  
.,=I " 2 L  . i 
(19) 
i = l  " 
> n cnat is, 2: . ,, , i ( .  Accordingly, it follows that 
? . I  C ? 
1 i 
(li i) .  Suppose t h a t  f o r  X' > X 2 0 
1 
2 ;  E e x t  [S f  - ( 3 z k  # a ;  such t h a t  a k  PX a j ,  a E S )  
i J k  
and 
I. 9 e x t  [ S f  , j A i 3 a i  # a j  such t h a t  a i  a  ., a .  E S )  3 3 4 
Then we have by the  r e s u l t  of (ii) 
a X  P A ,  a  * a .  P  a j d X j  
which c o n t r a d i c t s  
3 a k  # a .  such t h a t  a k  PA a; 
3 
Theref o r e  
2 .  E e x t  [ S f  * a .  E e x t  [ S f  
3 .I 
i ( i v ) .  If a pi a k  f o r  a l l  i, t h e n  c:, = r i ( r j )  - r ( a n )  > 0 f o r  j 4 
a l l  i. Thus we have 
r? i Z i + X [ 1 w .  min ( 0 ,  c . , ) ]  = 2 w, s > 0 (21)  
i = l  " .; x q :-I - .ji 
which ineans a .  ?,, , z k .  >loreover, i f  we d e f i n e  
.I 
2 .  IA 2- - ( n o t  2 ?A G ) ^ ( n o t  a k  PA "L . )  
3 rC j k J 
then i fo l lows  by c i j  = -0. V i  t h a t  
- - j2  
n 
< - X  [ 7 3,. min ( 0 ,  c : ~ ) ]  
- is1 ' 4 
A c c o r d ~ n g l y ,  f o r  J X  = P A  U IX we have 
which g i v e s  
1 ,  .?t Z i t  va - zj 5 YX , 0  4 '  - 
(v). F i r s t ,  we have f o r  a l l  X 2 0  
(a z. Y i ) ^ ( a ;  ?i a,, 3;)-3. ?i ai j d 1  d .< J ( 2 5 )  
because  
Conve r se ly ,  i f  we meet t h e  c a s e  of  n o t  [ (a: a k ,  i)  ^ (aj p i  a?, 
i ) l  t h e n  t h e  f o l l o w i n g  t h r e e  c a s e s  a r e  p o s s i b l e :  
.? 
( ? )  i - ; K = 0  .  2 w,. min ( 0 ,  cjk) = 0  
< = I  - ( 2 9 )  
~ h u s ,  n o t  a .  ?. 3 YX 2 0  j , i '  
( 2  c'.. < 0 ,  3i  2 4 
and - n o t  s ,  a i r  Vi $ 0  ( 3 0 )  
d 
I 
( 3 )  
( 3 1 )  
and f o r  a l l  ; such  t h a t  
, .. -, 
Y e .  - . -  
<;I J". 
. ( 3 2 )  
. - 
> - 
Tha t  i s ,  n o t  a ,  i? s i  f o r  Y X  2 11. 
,I - 
Accord ing ly ,  f o r  a l l  i 3 .1 we have 
not  [ ( a :  z L  a i l  V , . ) ^ ( a  P' a,, 3 i ) ]  - n o t  a ;  ?A a k  
U j (33)  
These s t a t ements  prove t h a t  
( a .  R % ~  V i ) ^ ( a .  ?' a k ,  3 i )  - a .  L A  ak1 vA 1- A 
J 
(34)  
J 2 
I f  we s e t  wi = 1 f o r  a l l  i and 1 = 0 and d e f i n e  
then t h e  s o c i a l  p re fe rence  Po de f ined  by ( 3 )  equa l s  t h a t  d e f i n e d  
by t h e  s imple  major i ty  r u l e .  Saposnik showed t h a t  i f ,  whether 
we use u t i l i t y  f u n c t i o n s  o r  n o t ,  we have 
i ' 1 f o r  u 5 ( a . )  - u ( a k )  > 0 
then t h e  s o c i a l  p re fe rence  P  de f ined  by 
i 
has t r a n s i t i v i t y .  He c a l l e d t h e s o c i a l  o r d e r i n g  by (37)  a  s imple  
c o n t r i b u t i v e  r u l e .  Accordingly, we c a l l  t h a t  by ( 1 )  an extended 
c o n t r i b u t i v e  r u l e  i n  t h i s  paper .  
J 
i i 
Now, we t r y  t o  v i s u a l i z e  t h e  s t r u c t u r e  o f t h e s o c i a l  p r e f e r -  
ence by a  d ig raph .  Define a  ma t r ix  M = (n jk )  a s  fo l lows .  
D e f i n i t i o n  3  
c ., = 
J 4 
1 when sk ? A  a j  
rn j 2  = I  
0 o t h e n - i s e  
0 f o r  u ( a  . )  - u ( a k )  = 0 
J 
i i 
We can g e t  a  d igraph on t h e  b a s i s  of ? d .  In  t h i s  e v e n t ,  a  
s i m i l a r  method t o  t h e  i n t e r a c t i v e  ISM method [ 5 ]  y i e l d s  t h e  
matr ix  ,V e f f i c i e n t l y :  choose an a l t e r n a t i v e  a s  a r b i t r a r i l y .  By 
cons ide r ing  t h e  r e l a t i o n s h i p  between as  and o t h e r s ,  we have t h r e e  
s u b s e t s  a s  fo l lows (F igure  1 )  
-1 f o r  u  ( a  . )  - u ( a k )  < 0 
J 
(i) . L i f t  s e t  = i a . i o j  P A  a;) 
J 
(ii) . Drop s e t  = ~ C Z  . i s s  PA z j )  
3 
I 
1 
I ;  Indifference Set I ? a s  
Figure 1 .  P a r t i t i o n  of A l t e rn a t i v e s .  
( i i i ) .  I nd i f f e r ence  s e t  = ia,l not .c; z S  and no t  zs  aj) 
i U 
The matr ix  ?1 can be decided completely by t h e  t r a n s i t i v i t y  
of t h e  r e l a t i o n  ?A. That i s ,  i f  we d e f i n e  t$e row vec tor  m = 
( 1 ,  0 ,  0 )  a n d t h e  column vec tor  3 =  (0, 0 ,  1 ) ~  a s  i n  Figure  2 ,  
then submatrices shown by do t ted  l e t t e r s  i n  Figure  2 a r e  i n f e r r e d  
by t h e  t r a n s i t i v i t y  of Pi. This  is  shown by some matr ix  calcu-  
l a t i o n  a s  fol lows.  
ay t h e  t r a n s i t i v i t y  of 
and 1 
i t  fsliows, t h e r e fo r e ,  t h a t  I I 
( n .  = 1 )  - (m, = 0 )  * ,T:. = 0  4~ d r .K 
These l o g i c a l  r e l a t i o n s  can be r e wr i t t e n  by some matr ix  calcu-  
l a t i o n ,  t h a t  i s  
This means .YJL = 1 .  
Figure  2 .  Slatrix .Y. 
This  means H L I  = .V, = 0. 
u J 
Thls  means .,ILJ = i d F 3  = 0. 
Note t h a t  t h e  value  of 
shows t h e  i n t e n s i t y  of t h e  path  between 3.j and a k .  Weak p a t h s  
a r e  c u t  o f f  a c t i v e l y  by i n c r e a s i n g  t h e  va lue  of A ,  t h a t  i s ,  by 
t h i n k i n g  a  l o t  of o p p o s i t e  op in ions .  Xoreover,  even i f  a l l  t h e  
members agree  wi th  a  p re fe rence  wi th  a  weak i n t e n s i t y ,  t h e  p r e f -  
e rence  may be neg lec ted  by in t roduc ing  a t h r e s h o l d  8. Digraphs 
corresponding t o  s e v e r a l  is show t h e  s t r u c t u r e  of t h e  group 
p re fe rence  wi th  t h e  i n t e n s i t y .  
A s  Keeney s t a t e d  i n  h i s  paper [ 3 ] ,  it i s  n o t  easy f o r  each 
person t o  make i n t e r p e r s o n a l  comparisons of u t i l i t i e s  such a s  a  
benevolent  d i c t a t o r .  A s  a  r e s u l t ,  t h e  expected u t i l i t y  of t h e  
group U G  given by ( 1  may not  l e a d  t h e  group t o  t h e  f i n a l  d e c i -  
s i o n .  However, t h e  i n f o r n a t i o n  ob ta ined  by t h e  method s t a t e d  
may be of va lue  f o r  mutual unders tnading o f t h e  people concerned 
i n  b r a i n  storming.  
Reca l l  t h a t  our  s t a n d p o i n t  i s  t h a t  t h e  group a e c ~ s i o n  i s  
due t o  t h e  dynamics of t h e  group and we provide  some r e f i n e d  
informat ion toward a  consensus of t h e  people  concerned.  
4 .  AN ASSESSMENT OF THERESIDENTIAL ENVIRONMENT I N  KYOTO C I T Y  
The problem is  a s  fo l lows:  There is  a  family  t h a t  c o n s i s t s  
of a  man, h i s  w i f e ,  h i s  p a r e n t s ,  h i s  b r o t h e r ,  and h i s  son.  Th i s  
family  is looking f o r  a  r e s i d e n t l a l  d i s t r i c t  i n  Kyoto C i t y  i n  
Japan.  He wants t o  keep a  g roce ry  s t o r e  a t  h i s  home. H i s  wife  
loves  a  q u i e t  d i s t r i c t  wi th  good views. H i s  p a r e n t s  p r e f e r  a  
q u i e t  and c l e a n  p l a c e  wi th  a  l o t  of medical  s e r v i c e s .  H i s  
b r o t h e r ,  who is a  worker commuting t o  Osaka, wants t o  l i v e  i n  a  
d i s t r i c t  wi th  convenient  access  t o  t h e  town c e n t e r .  H i s  son is  
a  h ighschool  s t u d e n t  and l i k e s  a  q u i e t  d i s t r i c t  wi th  convenient  
access  t o  t h e  town c e n t e r .  He, h i s  w i f e ,  and h i s  b r o t h e r  a r e  
going t o  i n v e s t  i n  a  new house. 
The s t r u c t u r e  of c r i t e r i a  is given  by F igure  3 .  The u t i l -  
i t y  f u n c t i o n  was ob ta ined  through d i s c u s s i o n  wi th  a l l  members. 
The r e s u l t  is given i n  Tables 1 and 2 .  The p rocess  f o r  o b t a i n -  
ing t h e s e  u t i l i t y  f u n c t i o n s  followed t h e  one suggested by Keeney 
and Raif f a  [ 6 ]  . The a l t e r n a t i v e s  a r e  n ine  a d m i n i s t r a t i v e  d i s -  
t r i c t s  (Table  3 ) .  Ranking of a l t e r n a t i v e s  based on each a l t e r -  
n a t i v e  u t i l i t y  i s  i l l u s t r a t e d  a s  a  d igraph i n  F igure  U. The 
r e s u l t  by ECR-methods is given In  F igures  5 and 6 .  These f i g u r e s  
become i n p u t s  t o  b r a i n  s torming,  which a r e  of v a l u e  i n  knowing 
t h e  degree  of coincidence of a l l  t h e  i n d i v i d u a l s '  p re fe rences  
(F igure  5 )  and t h e  intensity of t h e  p re fe rences  (F igure  6 ) .  I t  
appears  from t h e s e  r e s u i t s  t h a t  Sakyo, Ukyo and Ki ta  may be con- 
s i d e r e d  t o  be b e t t e r  a l t e r n a t i v e s .  However, any f i n a l  s e l e c t i o n  
is n o t  made i n  t h i s  experiment because t h e  d i v i s i o n  i n t o  n ine  
a l t e r n a t i v e s  1s too  rough i n  view of ?he c h a r a c t e r i s t i c  of t h e  
problem. 
5 .  CONCLUDING REMARKS 
In t h i s  paper ,  we cons ide red  group d e c i s i o n s  a s  r e s u l t s  of 
t h e  p rocess  of attaining a  f i n a l  d e c i s i o n  g r a d u a l l y  r a t h e r  than  
a s  being made by some norms. From t h i s  p o i n t  of view, we sug- 
g e s t e d  a  method f o r  ref inement  of t n e  information through t h e  
procedure of d e c i s i o n  making i n  o r d e r  t o  improve unders tanding 
among people concerned. By t h e  s t a t e  method, t h e  s t r u c t u r e  of 
group p r e f e r e n c e s  can be c l a r i f i e d  by t h e  degree  of co inc idence  
of p r e f e r e n c e s  of group members and by the  i n t e n s i t y  of p r e f e r -  
ences .  Digraphs a r e  v a l i d  t o  visualize t h e  in fo rmat ion ,  which 
i s  an i n p u t  t o  b r a i n  s torming.  I n t e r a c t i v e  man-machine systems 
a r e  e f f i c i e n t  f o r  t h i s  purpose. A s  assessment of the  r e s i d e n t i a l  
environment i n  Kyoto Ci ty  proves t h e  e f f i c i e n c y  of t h e  method. 


Table 2 .  I n d i v i d u a l  rnui ' iat tr ibute u t i l i t y  f u n c t i o n s .  
1 + XU = ( 1  +Xi< u  ) ( 1  + . < X g u g )  ( 1  + X K C x C )  ( 1  + K K D u D )  ( 1  + K i < , u E )  A  A 
( 1  +K.T 2 ) ( 1  + x x  2 ) F F G G 
1 + i A  x A  = ( l + k  A l l  k  u  ) ( l + k  k  u  ) A 2 2  
1 + k D  u D  = ( 1  + k  k  ) ( 1  + k  k L( ) ( 1  + k D  k 7  Q ~ )  D 5 " 5  D 6 6 
( 1  + k  k 2 ) ( 1  + k D k 9 i c 9 )  D 8 8 
- A B  = U 3 '  U C  = X 3 '  V E  = X l 0 1  UF - U 1 1  1 
'*G = ' A 1 2  
Man Wife Paren t  Brother  Son 
Addi t ive  form 
' U  m 
3 = 
4 4 ( 
n c l n  4 
3 2 -  
2 U U  i 
W ' U O  c 
Q j 3 
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SUMMARY OF THE DISCUSSION 
J .  Kacprzyk 
The d i s c u s s i o n  a f t e r  t h e  f i r s t  paper of  t h e  s e s s i o n  focused 
mainly on t h e  concept of s o f t  c o n s t r a i n t s  and i t s  advantages .  
I t  was s t r e s s e d  t h a t  t h e  i n t r o d u c t i o n  of such c o n s t r a i n t s  t o  a  
problem fo rmula t ion  may make i t  c l o s e r  t o  t h e  way t h e  people  pro- 
ceed.  One sugges t ion  was t o  couple  t h i s  approach t o  somewhat 
s i m i l a r  i d e a s  due t o  Tversky and Kornai; t h e  second one concerned 
some a c t u a l  p lanning procedures  t o  o b t a i n  a  more behav io ra l  t y p e  
of model. The i n t r o d u c t i o n  of s o f t  c o n s t r a i n t s  was a p p r e c i a t e d  
a s  an example of t h e  d e s i r e d  s o f t e n i n g  of t h e  problem fo rmula t ion .  
With r e s p e c t  t o  t h e  nes ted  Lagrangian m u l t i p l i e r  method used 
f o r  s o l v i n g  t h e  m u l t i c r i t e r i o n  problems, i r  was s t a t e d  t h a t  it 
may g i v e  more i n s i g h t  i n t o  t h e  problem, making i t  p o s s i b l e  t o  g e t  
a  f a i r l y  good model of  economic t y p e  and t o  check t h e  s u b j e c t i v -  
i t y  of u t i l i t y  f u n c t i o n  assessment.  
A s  t o  t h e  paper devoted t o  t h e  human judgments and a s s e s s -  
ments, t h e  d i s c u s s i o n  mainly concerned t h e  problem of d a t a  and 
t h e i r  adequacy. I t  was s t r e s s e d  t h a t  t h e  pe rcep t ion  of a  r e a l  
s i t u a t i o n  by v a r i o u s  s o c i a l  g roups ,  inc lud ing  t h a t  of i n f l u e n c e ,  
p o l i t i c a l ,  o r  a d m i n i s t r a t i v e  power, may be q u i t e  d i f f e r e n t .  Thus, 
t h e  r e p e t i t i o n  of experiments f o r  p a r t i c u l a r  groups and a  c a r e f u l  
a n a l y s i s  of  r e s u l t s  ob ta ined  w i l l  probably he lp .  
There was a l s o  a  g e n e r a l  d i s c u s s i o n  on t h e  n e c e s s i t y  of  some 
s o f t  mathematics f o r  handl ing r e g i o n a l  problems, o r  a t  l e a s t  some 
of them. 3y t h e i r  very n a t u r e ,  e . g . ,  lack of c l e a r - c u t  e l ements ,  
m u l t i d i m e n s i o n a l i t y ,  compl ica t ion ,  and t h e  c o n s i d e r a b l e  r o l e  of 
human f a c t o r s ,  t h e  r e g i o n a l  problems cannot  be t r e a t e d  a s  pure  
p h y s i c a l  o r  t e c h n o l o g i c a l  systems. Thus, some s o f t e r  approaches ,  
making it p o s s i b l e  t o  inc lude  i n  t h e  problem fo rmula t ion ,  e  . g .  , 
l ack  of p r e c i s e  knowledge on f a c t s  and r e l a t i o n s ,  human percep- 
t i o n  and judgment, and some p a r t i a l  t r u t h s  a r e  needed. Conven- 
t i o n a l  ma thematxs  is n o t  always s u i t a b l e  f o r  t h i s  t a s k .  Some 
s o f t  mathematics i s  t h e r e f o r e  requ i red .  One such approach may 
be t h a t  based on t h e  theory of fuzzy s e t s .  This  seems t o  be a 
f r u i t f u l  a r e a  f o r  a p p l i c a t i o n s .  However, some r e l a t e d  problems, 
a s ,  f o r  exampie, t h e  d e f i n i t i o n  of membership f u n c t i o n s ,  should 
be solved.  
A s  another  approach,  t h e  i n t r o d u c t i o n  of  s o f t  c o n s t r a i n t s  
should a l s o  be taken i n t o  c o n s i d e r a t i o n .  A s  t o  t h e  l n c r e a s e  of 
computer t i m e  requirements t h a t  may occur  whi le  us ing  t h e s e  s o f t  
approaches,  i t  was s t a t e d  t h a t ,  owing t o  t h e  p rogress  i n  computer 
technology, computer t ime is  becoming cheaper ;  t h u s ,  what r e a l l y  
should count is t h e  p o s s i b i l i t y  of a t t a i n i n g  more adequate  des- 
c r i p t i o n s .  

PART VII 
CONCLUDING REMARKS 
Since  t h i s  volume p r e s e n t s  some work from ongoing,  s t i l l  
n o t  completed,  IRD p r o j e c t s ,  t h e s e  concluding remarks mainly 
concern t h e  p r e s e n t  s t a g e  of t h e  r e s e a r c h  e f f o r t ,  w i th  some 
views a s  t o  t h e  p r o j e c t  a s  a  whole. 
The work done so  f a r  inc ludes  a  l a r g e  spectrum of problems, 
i s s u e s ,  approaches ,  methods, e t c .  Thus, t h i s  volume is  a  valu-  
a b l e  t o o l  f o r  anyone t r y i n g  t o  formulate  and s o l v e  r e g i o n a l  
development problems. 
The importance of having some implemented models f o r  v a r i -  
ous p lann ing ,  programming, f o r e c a s t i n g ,  s i m u l a t i o n s ,  and o t h e r  
purposes must be emphasized. However, a  c o r e  model is l a c k i n g  
t h a t  couples  t h e s e  v a r i o u s  models t o  p a r t i c u l a r  s p e c i f i c  a s -  
p e c t s  of t h e  r e g i o n a l  probl4matique.  The re levance  of such a  
model is s e l f - e v i d e n t ;  o therwise  one cannot  a t t a i n  i n t e g r a t i o n  
and comprehensiveness,  t h e  p r e r e q u i s i t e s  of i n t e g r a t e d  r e g i o n a l  
development t h a t  a r e  commonly accepted a s  t h e  uniquely  reason- 
a b l e  approach.  while e l a b o r a t i n g  t h e  concept  of such a  core  
model and implementing i t ,  t h e  c o n s i d e r a t i o n  of Orgware compo- 
nen t s  and t h e i r  i n c l u s i o n  i n  t h e  r e g i o n a l  development system 
should be t h e  next  s t e p .  
S ince  t h e  problem of a t t a i n i n g  a  consensus w i l l  grow i n  i m -  
por tance  i n  t h e  f u t u r e ,  when more q u a l i t y - o f - l i f e  than  growth- 
o r i e n t e d  development w i l l  occur ,  models should be developed f u r -  
t h e r  t o  r e f l e c t  t h i s  new t r e n d .  
The methods and t echn iques  used a s  t h e  t o o l s  f o r  s o l v i n g  
t h e  problems analyzed i n  t h i s  volume conform i n  g e n e r a l  t o  t h e  
main contemporary op in ions  and t r e n d s .  Thus, t o  g i v e  an example, 
t h e  use of i n t e r a c t i v e  man-machine approaches f o r  s o l v i n g  mul t i -  
c r i t e r i o n  problems is reasonable .  One shou ld ,  however, probably 
pay more a t t e n t i o n  t o  o rgan iz ing  t h e  man-machine i n t e r f a c e  t o  
b e t t e r  r e f l e c t  t h e  i n h e r e n t  c h a r a c t e r i s t i c s  of human behavior .  
This  does n o t  have much t o  do w i t h  t h e  problem of " s o f t n e s s . "  
A s  r e g i o n a l  problems o f t e n  invo lve  a c t o r s  (administrative, 
p o l i t i c a l ,  s o c i a l ,  e t c . )  wi th  incompat ib le  i n t e r e s t s ,  c o n f l i c t  
a n a l y s i s  should be t h e  s u b j e c t  of a  more thorough c o n s i c e r a t i o n .  
I t  was o f t e n  s t r e s s e d  dur ing  t h e  workshop, I n  both  formal 
and informal  d i s c u s s i o n s ,  t h a t  t h e  problem of i n c r e a s i n g  t h e  
adequacy of r e g i o n a l  problem d e s c r i p t i o n  remains s t i l l  v a l i d  
and of e x t r a o r d i n a r y  importance. One should n o t  f o r g e t  t h a t  t h e  
reg ion  is  a  complex socioeconomic system, of which not  a l l  t h e  
components may be handled owing t o  t h e i r  i n h e r e n t  s o f t n e s s  and 
indeterminism a s  mechan i s t i c  o r  t e c h n o l o g i c a l  systems and a t -  
tacked v i a  t h e  convent ional  s t r i c t  and c r i s p  appara tus  of  sys-  
tems a n a l y s i s .  Some s o f t e r  approaches a r e ,  t h e r e f  o r e ,  needed. 
The a t t e m p t s  p resen ted  a r e  merely some f i r s t  s t e p s  i n  t h i s  d i -  
r e c t i o n .  Se r ious  work he re  must be under taken,  because t h e s e  
approaches w i l l  s u r e l y  be more and more r e l e v a n t  i n  view of t h e  
unavoidable t r a n s i t i o n  from "simple" grow-th t o  human-oriented 
s t r a t e g i e s  i n  t h e  m a j o r i t y  o f ,  i f  not  a l l ,  f u t u r e  IRD programs. 
The success  of  f u t u r e  r e s e a r c h  e f f o r t s  on t h e  Kinki IRDP 
and o t h e r  IRD p r o j e c t s  w i l l  s u r e l y  depend t o  a  c o n s i d e r a b l e  ex- 
t e n t  on what has  been mentioned he re .  Obviously,  many o t h e r  
i s s u e s ,  omi t t ed  he re  o r  even u n p r e d i c t a b l e  now, w i l l  a l s o  have 
d e c i s i v e  impacts .  
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